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Black bears ( Ursus american us) are an economically important big game 
species in Maine. Nuts of the American beech (Fagus grandifo/ia) are their 
primary fall food in northern Maine. Beechnut production varies annually, with 
alternate-year crop failures. The future of this food supply is uncertain, as 
disease and trends in timber harvest may reduce numbers of nut-producing 
beech trees. 
I constructed an individual-based, Leslie matrix-based population model 
using data from 15-year telemetry studies of female bears on three dissimilar 
sites. I used the model to investigate relationships between variable food 
supplies and growth of female black bear populations, and to understand the 
effects of harvests on them. Litter production was the most variable life history 
parameter associated with beechnut abundance in northern Maine, where most 
females synchronized their 2-year reproductive schedules and reproduced 
following abundant mast. Females on the remaining study areas maintained 
high litter production regardless of beechnut abundance. 
I validated the model by comparing projections based on vital ratesfrom 
two study areas to telemetry-based density indices. I assessed sensitivity of 
population growth to individual life history parameters by varying their values and 
observing changes in population growth (r). Population growth was most 
sensitive to litter production (proportion of breeders producing cubs}, and 
moderately sensitive to adult survival. It was less sensitive to age of first 
reproduction, litter size, and cub, yearling, and subadult survival. 
Synchronous reproduction reduced population growth rate slightly from 
high litter production. Low litter production severely reduced growth rate, 
suggesting that loss of beech in northern Maine would cause a drastic decline in 
the potential growth rate of regional female bear populations. 
I examined effects of harvests on population growth by setting litter 
production to High, Moderate, Alternating High-Low, and Low in turn, and 
incrementally increasing hunting mortality. Populations with the highest vital 
rates recorded in Maine sustained 15% hunting mortality; those with 
alternate-year litter production schedules sustained 10% mortality. Populations 
with low litter production could not sustain 5% mortality. Litter production, age of 
first reproduction, and adult mortality should be monitored to assess the 
nutritional planes, trends, and harvest potential of female black bear populations. 
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PREFACE 
This study was undertaken to enhance understanding of the dynamics of 
female black bear populations, and to direct future management efforts within 
the State of Maine. It consolidates information collected from 1982 to 1996 
during intensive telemetry studies of female black bears by Maine's Department 
of Inland Fisheries and Wildlife. Several terms specific to the life history of 
female black bears are used throughout the thesis, and are defined in Table 1. 
Chapter 1 identifies management issues to be addressed by the 
remaining chapters, and presents study objectives. It also describes the study 
areas and methods used to collect and analyze data used in a computer model 
to evaluate population responses on each study areas. 
1 
Chapter 2 summarizes data collected on vital rates of female black bears 
over the 15-year study. These data are discussed in relation to their importance 
to population dynamics, and are compared to data from similar studies across 
North America. 
Chapter 3 describes the computer model, including the underlying 
assumptions, biological relationships, data requirements, and products. The 
model is individual-based, and is designed to address questions about growth of 
female black bear populations under different nutritional planes and harvest 
rates. This chapter also reviews the model's validation by comparing trajectories 
of simulated populations to indices of female bear densities, and also verifies 
model response under different nutritional planes and harvest rates. 
2 
Chapter 4 investigates the influence of food supplies on population growth 
through a sensitivity analysis, which adjusts individual life history parameter 
values and examines resulting changes in population growth rate. This chapter 
also uses simulations to evaluate population growth rates of female bear 
populations having vital rates like those measured on Maine study areas. 
Finally, Chapter 5 explores the influence of harvests on female bear 
populations living on different nutritional planes. It uses simulations of 
populations with different reproductive rates to assess maximum sustainable 
harvest rates, and evaluates the ability of Maine's female bear population to 
sustain harvests. The chapter concludes with recommendations for future 
research and management. 
Table 1. Definitions of selected terms used to describe the life history of female black bears. 
Reproduction 
Age 
Survival 
Life History 
Term 
Age of First 
Reproduction 
Age of First 
Breeding 
Breeding 
Female 
Litter Production 
Cub 
Yearling 
Subadult 
Adult 
Cub Survival 
Litter survival 
Definition 
Age (in years} of a female when it first produces a litter of cubs. This age is recorded during the winter 
den season. Age of first reproduction was set at 4 years for all simulations in this thesis, except for 
simulations in Chapter 4 to investigate the sensitivity of population growth to age of first reproduction. 
Age (in years} of a female when it first comes into estrous and is capable of successful breeding. This 
is one year younger than the age of first reproduction. This term is not used in the computer model 
described in Chapter 3, but it is included here to clarify the seasonal differences in attainment of adult 
status by female bears. 
A breeding-age female that is solitary (without cubs}, and therefore able to enter estrus and breed during 
the spring-summer breeding season. B~eeding-age females with cubs of the year, and therefore 
unavailable to conceive another litter during the present breeding season, are not considered breeding 
females. 
The proportion of breeding females that produce litters. This proportion is not based on the total number 
of adult female bears in the population. 
A bear less than 1 year of age 
A 1 year old bear 
A bear that is at least 2 years old, and less than the age of first reproduction. Age of first reproduction 
was set at 4 years for the simulations used in this thesis. 
A bear that is at least the age of first reproduction. 
Probability of annual survival for cubs, measured from newborns in dens (March} to the following 
January (first birthday}. 
Survival of at least one cub within a litter through the first year of life. Litter survival may influence the 
reproductive cycle of the parent female. Most litter loss has been documented before the 
spring-summer breeding season. Females losing litters may re-enter estrus and become available to 
produce a subsequent litter the following winter, short-circuiting their 2-year reproductive cycles. 
U) 
CHAPTER 1 
MANAGEMENT ISSUES, STUDY OBJECTIVES, STUDY AREAS, AND 
METHODS 
INTRODUCTION 
4 
The black bear ( Ursus americanus) is an important trophy big-game 
species in Maine, with considerable public interest in the welfare of the resource 
(McLaughlin 1986). The State's bear population supports a recreational 
economy that generated 6.4 million dollars in 1988, when the last economic 
assessment was conducted (Reiling et al. 1991 ). Over 60% of recent harvests 
have been registered by nonresidents, and about half of all successful hunters 
employ Registered Maine Guides during their hunts. Harvests have been 
monitored by mandatory registration data since 1969. 
Maine Department of Inland Fisheries and Wildlife (MDIFW) began its 
Bear Study in 1975 to supply data on the population dynamics, movements and 
behavior of bears for management purposes. Field studies have focused on 3 
study areas, each comprising about 370 km2 (Figure 1.1 ). Study areas were 
chosen to provide data on bears living in ecologically different regions and 
subjected to different harvest levels (Hugie 1982, McLaughlin 1984). 
Since 1985, MDIFW's bear management goal has been to maintain 
1985 levels of bear distribution and abundance (estimated at 21,000 bears) 
(McLaughlin 1986). This goal was recommended by a planning group 
representing diverse public interests. 
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Figure 1.1. Bear range in Maine, with locations of MDIFW bear study areas. 
• Primary Range 
Secondary Range 
II Potential Range 
• Urban Areas 
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Careful monitoring of the State's bear population is essential to meeting 
management objectives in the face of greater harvest pressure and changing 
habitat conditions. Improved understanding of population dynamics is needed to 
reliably assess impacts of management actions and habitat alterations on the 
bear resource. 
MANAGEMENT ISSUES 
Changing land use (Balter and Veltkamp 1987, Domini and Scudder 
1987) is altering the State's bear habitat. Timber markets are shifting interest 
from cutting of softwoods to hardwoods, and residential development is starting 
to occur within previous expanses of undeveloped forest in central portions of 
Maine. In addition, harvest pressure on Maine's bear resource increased during 
the 1970s, and again in the late 1980s (Table 1.1 ). Bear survival declined as 
harvests increased (Chapter 2), and changing habitat suitability may further alter 
bear reproduction and survival. 
Bear Habitat 
About 66,176 km2 (85% of Maine's land area) is considered suitable bear 
habitat by MDIFW (McLaughlin 1986). Bears are present in all but the heavily 
settled southern and central-coastal portions of the State (Figure 1.1 ). 
Most of Maine's bear habitat is comprised of second-growth 
conifer-deciduous forests. Spruce-balsam fir (Picea spp.-Abies ba/samea) and 
sugar maple-American beech-yellow birch (Acer saccharum-Fagus 
grandifolia-Betula alleghaniensis) associations dominate the State's northern 
forests. White pine-hemlock (Pinus strobus-Tsuga canadensis) and oak-pine 
Table 1.1. Bear management history in Maine. 
Estimated 
effort 
Status and Reaulations 
Year~ Harvest (no. hunters} Season length Bag limit Remarks 
1770 
1880's 
1931-41 
1941-57 
1943 
1952-53 
1957 
1958-65 
1963 
1966-68 
1967 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
No records 
Bounty payment 
1,5691 
806 
970 
989 
786 
1,078 
751 
959 
1,008 
1,066 
1,320 
1,630 
1,058 
1,001 
No records 
31,3582 
31,110 
34,444 
24,146 
26,985 
23,296 
22,244 
21,021 
22,665 
9,658 
24,518 
No closed season 
Same as deer season 
No closed season 
June 1-December 31 
June 1-November 24 
May 1-November 30 
May 1-Saturday 
following Thanksgiving 
II 
May 1-September 13 
May 1-June 13; 
October 1-November 28 
No limit Bounty paid in Scarboro. 
Bounties paid in various parts of State 
Classfied as game animal; bountied in parts of State 
Bountied. 
Hunting prohibited on Sundays and at night. 
Study on status of bears in State completed 
(Spencer, 1955}. 
Bounty repealed. 
Only partial kill figures exist from 1958-68. 
Mandatory reporting of all bears killed. 
Trapping season restricted to June 1-December 31. 
1/hunter/yr Cubs protected, cable traps legalized, mandatory 
registration of all harvested bears after Oct. 1, 1969. 
Cubs become legal game. 
Intensive study of exploitation, movements, and 
habitat selection begun. 
Hunting season truncated on Sept. 13 by 
Commissioner to limit harvest size. 
Mandatory submission of premolars for aging 
purposes. 
(X) 
Table 1.1. Bear management history in Maine (continued). 
Estimated 
effort 
Status and Regulations 
Year(s) Harvest (no. hunters) Season length Bag limit Remarks 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1,221 
1,412 
1,601 
1,544 
1,955 
2,394 
2,673 
2,690 
2,088 
1,665 
2,042 
2,055 
2,243 
2,645 
2,246 
1Mean calculated kill1946-59. 
33,417 
33,545 
11,8033 
10,204 
10,133 
10,195 
9,991 
10,877 
10,924 
September 1-November 30 
August 29-November 30 
August 28-November 30 
August 27 -November 30 
September 2-November 30 
August 31-November 28 
August 30-November 27 
August 29-November 26 
August 28-November 25 
August 26-November 30 
Repealed mandatory submission of premolars. 
New baiting restrictions, and dog training seasons go 
into effect. 
Additional restrictions on length of time baiting, use of 
dogs, and still hunting/stalking. Trapping permitted 
during Oct. 1-0ct. 31. 
Trapping period extended to 5 weeks, still hunting/ 
stalking extended to entire season. 
2Based on Department of Inland Fisheries and Wildlife, Personal Hunting Report (Game Kill Questionnaire). 
3Since 1990, the number of bear hunting permits sold. A bear permit is required for hunting bears prior to firearms deer season opening, which is 
usually about November 1. 
co 
( 
(Quercus spp.-P. spp.) associations become prevalent in the southwestern 
portions of bear range. Eastern Maine's spruce-fir forests and expansive areas 
of intolerant hardwoods are interspersed with blueberry ( Vaccinium spp.) 
barrens. 
Ninety-six percent of Maine's forestland is privately owned (Brooks et al. 
1986); about half of bear range is commercial forestland managed for timber 
production. Potato, dairy and grain farming are important land uses in central 
and northeastern Maine, and commercial blueberry production is the primary 
agriculture in eastern parts of bear range. 
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In northern Maine, nuts of the American beech are the primary late fall 
food of bears (Hugie 1982, Caron and McLaughlin 1985), apparently supplying 
most of the nutrition needed to build stores of body fat for winter denning and 
reproduction. Beechnut crops fluctuate in abundance from year to year, and 
appear to influence bear reproduction and survival in the region (McLaughlin et 
al. 1994). 
Logging activities and disease may reduce future distribution and 
abundance of beech in Maine. Beech is a common component of hardwood 
stands in northern Maine, which is largely commercial forestland managed for 
timber production. Interest in harvesting hardwoods is rising, and Salter and 
Veltkamp (1987) predicted hardwood harvests could more than double by 2010. 
Increasing commercial harvests of hardwood stands may reduce the future 
abundance of beechnuts across the State's bear range by reducing the number 
of mature, mast-producing beech trees. In addition, the age and size structure of 
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beech stands in Maine are favorable for another outbreak of beech bark disease 
(Houston 1975). This disease causes substantial mortality of beech trees, 
although its impacts on beechnut production in live trees, and consequently on 
bear fecundity, are unknown. 
Maine's bear habitat is expected to come under increasing pressure from 
residential development in the future. Coastal regions of the State are 
experiencing rapid residential growth (Domini and Scudder 1987), and 
development is beginning to influence interior Maine. 
Bears can live in clos~ proximity to man, but they generally require large, 
contiguous blocks of forestland (McLaughlin et al. 1988). Residential 
development and increased road densities associated with growing human 
populations have destroyed and fragmented bear habitat throughout the East 
(Hallgren and Maehr 1993}. As man develops bear habitat, bear-man conflicts 
(i.e. damage/nuisance, bear-vehicle collisions) increase, and bear survival 
declines (Hallgren and Maehr 1993). 
Harvest 
Interest in bear hunting has increased in New England and eastern 
Canada over the last two decades, and appears to be at an all-time high. 
Accurate estimates of Maine bear hunter numbers were unavailable until 1990, 
when a bear permit was required of hunters pursuing bears during the first 2 
months of the State's 3-month season. The last month of bear season overlaps 
the firearms deer season, and all the nearly 200,000 licensed big game hunters 
can legally take bears during that month. Because the timing of den-entry is 
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highly variable, late-fall hunting success is controlled more by the number of 
active bears than by the number of hunters. Consequently, the Department did 
not attempt to estimate hunting effort during the firearms deer season. Reports 
from MDIFW personnel, landowners, licensed guides, and bear hunters indicated 
a sustained increase in hunter numbers through the 1980s (McLaughlin 1986, 
McLaughlin et al. 1991) as surrounding states and provinces restricted bear 
hunting. Strong demand for bear hunting opportunities continued into the 1990s, 
with 10,000-11,000 hunters buying permits annually (Table 1.1 ). 
Rising harvests, coupled with limited information on the status of the 
population, resulted in the Department shortening the bear hunting season from 
6 months to a 3-month fall period over 1980-1982. This restriction was 
successful in reducing annual harvests below 1 ,500 bears in the early 1980s, but 
harvests climbed steadily from 1985-1989, and exceeded MDIFW's objective 
harvest range (1 ,500 - 2,500 bears/year) in both 1988 and 1989, when 2,673 
and 2,690 bears were harvested respectively (McLaughlin et al. 1991 ). The 
statewide population estimate declined from 21 ,000 bears in 1985 to 18,000 
bears in 1990 (McLaughlin et al. 1991 }, and MDIFW imposed additional 
I 
restrictions on season length in 1990 to reduce harvests and allow the population 
to increase to the objective number of 21,000 bears. 
OBJECTIVES 
This study integrates empirical data on the population dynamics of female 
bears living on three MDIFW study areas into a computer model to simulate 
population responses to harvest and habitat changes. The study: 
1) describes the fecundity, survival, and population densities of female 
black bears living on 3 dissimilar study areas from 1982-1996. 
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2) assembles the above parameter estimates into a predictive population 
model to be incorporated into MDIFW's bear management system. The 
model is used to: 
b) investigate relationships between fluctuating food 
abundance and bear fecundity and survival 
a) investigate impacts of proposed harvest strategies on the 
population 
c) identify weaknesses in MDIFW's present population monitoring 
methods 
d) direct future population monitoring efforts. 
STUDY AREAS 
Hugie (1982) and Schooley (1990) provided detailed descriptions of the 
MDIFW study areas that were chosen to represent 3 ecologically different regions 
in Maine. Brief summaries of their narratives follow. 
The Spectacle Pond area is located 27 km SW of Ashland, and typifies 
the expansive industrial forest lands of northern Maine (Figure 1.1 ). This area is 
>95% forested, with elevations ranging from 226 to 692 m. Higher, well-drained 
sites are covered with northern hardwood associations (sugar maple-American 
beech-yellow birch). Spruce-fir associations and northern white cedar (Thuja 
occidentalis) are found along drainages and in valleys. The area is commercial 
forestland managed primarily for production of pulp wood. It contains no 
permanent residences, paved roads or agricultural areas. 
The Stacyville study area is located in northcentral Maine, about 88 km 
SE of Spectacle Pond. Stacyville is about 80% forested (Hugie 1982), and 
represents the interface of industrial forestland and agricultural areas in 
northeastern Maine. The area is bisected by the east branch of the Penobscot 
River. Terrain and vegetation west of the river are similar to Spectacle Pond. 
Terrain east of the river is flatter, and agricultural fields and small towns are 
present. 
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The Bradford study area is located in central Maine, nearly 90 km SW of 
Stacyville. Bradford is 92% forested and relatively flat. Its habitat is typical of 
much bear habitat in central regions, where privately-owned forestlands are 
interspersed with agricultural areas and small towns. Vegetation differs from the 
other 2 study areas, with an abundance of spruce-fir forests intermixed with bogs 
and wooded swamps. Northern hardwoods are less common; red maple (A. 
rubrum), aspen (Populus tremuloides and P. grandidentata) and ash (Fraxinus 
spp.) are prevalent hardwoods. Red oak (Q. rubra) occurs along the Penobscot 
River on the area's eastern border. Several towns are present, as are agricultural 
areas and abandoned apple orchards. 
METHODS 
A long-term field study of bear population dynamics provided data sets for 
analysis and model construction. The following sections describe the type and 
quantity of data collected, and the analytical steps in model construction and 
testing. 
Data Collection 
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Studies began on the Spectacle Pond and Stacyville study areas in 1975, 
and work began in the Bradford study area in 1982. The population model 
utilizes data collected from January 1982 to March 1997. 
Bears were captured with foot snares and occasionally with culvert-style 
traps and trained bear dogs during the spring, summer and fall. Spectacle Pond 
capture efforts occurred from 1975-1984, 1988, 1990, and 1994. Bears were 
captured in Stacyville from 1975-1981 , and in Bradford from 1982-1990, 1993, 
and 1995. Captured bears were immobilized with a 2:1 mixture of ketamine 
hydrochloride and xylazine hydrochloride (Addison and Kolenosky 1979), 
although a 1:1 mixture of tiletamine hydrochloride and zolazepam hydrochloride 
(Stirling et al. 1985) was used on some bears from 1988-1996. Bears were 
measured, weighed with spring scales, and premolars were extracted for age 
estimation (Willey 1974, McLaughlin et al. 1990). Female bears were 
radiocollared, and all bears were marked with numbered ear tags prior to 
release. 
Movements and survival of radiocollared female bears were monitored by 
tracking from fixed-wing aircraft (Hugie 1982, Mech 1983). Bears were located 
weekly, as conditions permitted, during the active seasons from 1982-1989. 
Frequency of locations dropped to 1/month beginning in 1990. They were 
immobilized in their dens each winter to replace radio collars and collect data on 
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their physical and reproductive condition. Dens of solitary females and females 
accompanied by yearling offspring were generally visited in January or February. 
Dens of females suspected of giving birth during the winter were visited in 
early-mid March. In-den counts of newborn and yearling offspring provided data 
on fecundity and cub survival. Offspring of collared bears were tagged and 
yearling females were radiocollared at den sites. 
Collar returns and field visits to sites of stationary collars provided data on 
deaths of female bears ~ 1 year of age. Most collars were recovered quickly from 
hunter-harvested bears and bears dying on highways. Field or laboratory 
inspection of remains of bears found dead of other causes provided additional 
insight into cause of death. 
Data Analysis 
Survival of cubs of the year was estimated as the proportion of eartagged 
newborn cubs which survived to their first birthday. Survival of yearling and older 
bears, which were radiocollared, was analyzed using the Heisey-Fuller model 
(1985). Year classes were subdivided into the following age classes for survival 
analysis: cub, yearling, subadult (2-3 years), and adult ~4 years). Annual 
survival of yearling and older bears was subdivided into 3 intervals, representing 
the periods of den occupation, spring-summer, and the fall hunting season. The 
winter (den) interval ran from December 1 through April15. The spring-summer 
interval lasted 118 days, from April 16 - August 26. The fall (hunting) interval 
encompassed 95 days from August 27 to November 30. This interval 
approximated the period of bear hunting season, which varied slightly by date 
across years, opening on the Monday preceding Labor Day. 
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Reproductive condition of female bears was recorded during each capture 
and den visit and compared to their age and weight, following McLaughlin et al. 
(1994}. Visual estimates of beechnut abundance on the Spectacle Pond area 
each fall (Schooley 1990} permitted investigation of the influence of fluctuating 
fall food abundance on reproductive and survival parameters. 
The computer model was constructed in an iterative manner: sequential 
addition of modules introduced incrementally greater complexity to the model, 
with each addition followed by verification of its code. The process began with a 
deterministic Leslie matrix-based model, using 4 age classes (cub, yearling, 
subadult and adult}, 2 survival periods per year, and mean ·litter size. Review of 
this model's performance showed substantial biases in population projeptions of 
more than a few years, particularly with small populations, owing to rounding 
errors in computation and to the use of broad age categories. An 
individual-based version of the model was developed, and both models were 
refined in parallel. More year classes, greater resolution of reproductive 
categories, and more interrelationships between food abundance and vital rates 
were incorporated. Density-dependent population regulation was then added, 
following the threshold density-vague approach of Strong (1986). Work on the 
deterministic model was eventually terminated, and the individual-based version 
was carried forward to final testing and validation. 
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The model was validated by initializing it with age structures and vital 
rates recorded on the Spectacle Pond and Bradford areas, and comparing 
simulation results with a time series of density indices from the two study areas. 
On each area, the time series spanned two consecutive 5-year periods in which 
both hunting regulations and bear survival differed. Data collections from 
Stacyville were too sparse to provide meaningful indices of bear densities and 
survival estimates for yearlings and subadults, and were not used in validation 
efforts. 
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CHAPTER 2 
REVIEW OF DATABASES USED TO CONSTRUCT AND VALIDATE FEMALE 
BLACK BEAR POPULATION MODEL 
INTRODUCTION 
Black bears are primarily vegetarians, although they are opportunistic 
foragers and eat a variety of animal matter (Rogers 1976, Hugie 1982, Pelton 
1982, Lamb 1983, Caron and McLaughlin 1985). Bear reproduction and subadult. 
survival are influenced by the abundance, diversity and quality of food sources 
(Rogers 1976, 1987, Eiler et al. 1989, Elowe and Dodge 1989, Schwartz and 
Franzmann 1991, McLaughlin et al.1994, Miller 1994). 
Black bears are polygynous breeders, and males generally occupy large 
areas containing home ranges of several adult females (Ait 1977, Hugie 1982, 
Elowe 1984). Males disperse over long distances as subadults, but females are 
sedentary and generally remain in their natal home ranges throughout their lives 
(Rogers 1976, Alt 1977, Hugie 1982). Population viability depends upon 
adequate recruitment of female bears into the breeding age classes; breeding 
and litter production may continue over most of their life span, which can last> 
25 years in the wild (MDIFW file data). Bear populations that are reduced to low 
levels may require many years to recover (Miller 1990), due to their low 
reproductive rate and delayed sexual maturity. Consequently, population 
management typically focuses on managing a cohort of reproducing females. 
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REPRODUCTION 
From 1982-1997, we visited 705 dens and handled 259 newborn litters, 
ranging from 1-4 cubs in size (Table 2.1 ). McLaughlin et al. (1994) reported on 
data collection from this study during 1982-1991. The present summary includes 
those data and data from an additional 6 years of den visits. The 2-year 
reproductive cycle of female black bears results in some adult females being 
accompanied by cubs of the year, and therefore unavailable for breeding in any 
given year. I defined breeding females as adults~ 3 years) that were 
unencumbered with cubs during the summer breeding season, and therefore 
available for breeding. I defined litter production as the proportion of breeding 
females that produced cubs each winter. 
Food Abundance 
Food shortages in alternate years were observed at Spectacle Pond 
throughout the study, and influenced the reproductive performance of females 
living on the area (McLaughlin et al. 1994). Beechnuts were common or 
abundant in every even-numbered year (1982, 1984, 1986, 1988, 1990, 1992, 
1994, 1996). Odd-numbered years were years of beechnut scarcity. 
Most litters produced at Spectacle Pond (124 (94%) of 132) were born on 
odd-numbered years. Many adult females were accompanied by cubs of the year 
during breeding periods in odd-numbered years, and few were available as 
breeders. Only 15% of breeding females (n=55) produced cubs during even 
years, i.e. following beechnut scarcity. Conversely, 82% of breeding females 
(n=151) produced cubs in odd-numbered years following abundant beechnut 
Table 2.1. Reproductive status of denned female black bears on 3 Maine study areas, 1982-1997. 
Studv Area Subadult8 Pre-Productiveb With Cubs With Yearlinas 
Spectacle Pond 98 47 132 76c 
Stacyville 25 9 41 31 
Bradford 62d 7 868 561 
a - Solitary bears <=3 years of age 
b - Bears 4-5 years of age that had not produced litters 
c - Includes 1 den of an adult accompanied by a two-year old female offspring 
d - Includes 1 den of 2 yearlings without adult 
e - Includes 1 den of an adult plus 2 two-year old female offspring and a newborn litter 
1
- Includes 1 den of an adult female accompanied by 2 three-year old female offspring 
Solo Adult 
26 
5 
4 
Total 
379 
111 
215 
705 
1\) 
...... 
crops (McLaughlin et al. 1994). At Stacyville and Bradford, where fall food 
abundance was more stable, 75-94% of breeding females produced litters 
annually (Figure 2.1 ). Forty-four percent of litters at Stacyville (18 of 41 ), and 
57% of litters at Bradford (49 of 86) were produced on odd years. 
Age of First Reproduction 
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First reproduction was generally observed at 4-6 years of age, although 1 
female in Bradford produced a single cub at 3 years of age. Most females at 
Spectacle Pond ( 18 of 41) did not produce litters until they were 6 years of age; 
at Stacyville most females (6 of 11) began cub production at 5 years of age, and 
at Bradford the majority of females (9 of 17) began reproducing at 4 years of age 
(Table 2.2). 
Litter Size 
Females' first litters most commonly contained 2 cubs; thereafter, 3-cub 
litters were most common at Spectacle Pond, where they accounted for half of 
all subsequent litters (Table 2.3). Subsequent litters at Stacyville and Bradford 
were nearly equally split between 2 and 3 cubs in size. One-cub litters accounted 
for less than 15% of litters in all 3 areas, but they constituted a considerable 
portion (24%) of initial litters in Bradford. Four-cub litters were uncommon, and 
accounted for less than 1 0% of litters in any area. 
Litter Survival 
Initial litters had lower survival than subsequent litters. Forty-three percent 
of initial litters were lost, but only 13% of subsequent litters died during the first 
year of life (Figure 2.2). 
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Figure 2.1. Percentage of breeding female black bears producing cubs in 
Maine, 1982-1997. 
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Stacyville 
Bradford 
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Table 2.2. Age of first reproduction by Maine black bears, 1982-1997. 
Age of bear Rroducing first litter 
Study Area n 3 yrs 4 yrs 5 yrs 6 yrs 
Spectacle Pond 41 14 9 18 
Stacyville 11 3 6 2 
Bradford 17 1 9 5 2 
Table 2.3. Litter sizes of black bears by reproductive experience on three Maine study areas, 1982-1997. 
Reproductive Litter Size 
Studv Area Experience 1 .2. .3. .4 Total _:X_ so 
• t:e:J/·1 i 
Spectacle Pond Initial Litter 6 27 7 1 41 2.07 0.65 
Q)o/0: 
Subsequent Litters 9 31 45 6 91 2.53 0.77 
).( (, 
Stacyville Initial Litter 2 8 1 0 11 1.91 0.54 
J&,i 30 
Subsequent Litters 1 13 15 1 30 2.53 0.63 
,, 
3j(1 .. 
Bradford Initial Litter 4 12 1 0 17 1.82 0.53 
/:o 9/&c; 
Subsequent Litters 6 31 27 5 69 2.45 0.76 
·---
..-., ~--~· :;_ ~-:/:- ::~ c!:::; 
(} "? I 
' :7 'o 
1\) 
0) 
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Figure 2.2. Survival of black bear litters on 3 Maine study areas, 1982-1997. 
Litter survival was defined as at least 1 cub living until it was 
observed in the den as a yearling. 
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Inter-litter Interval 
lnterbirth interval depended on the success of the previous litter. At 
Spectacle Pond, most (12 of 15) interbirth intervals for females losing litters were 
2 years, probably due to the alternate-year fall food shortages experienced there 
(Figure 2.3). At Bradford, 16 of 18 females losing a litter usually produced 
another the following winter; 1 female monitored at Stacyville did so as well. 
Females with surviving litters usually produced their subsequent litter after a 
2-year interval on all areas; only 4 of 94 females with surviving litters delayed 
subsequent litter production: 3 had 3-year intervals and a 20-year old delayed 
producing a subsequent litter for 4 years, finally producing a single cub at 24 
years of age. 
DISCUSSION - REPRODUCTION 
Reproductive values observed in this study were near the median values 
reported across the species' North American range (Ait 1989). Female bears 
exhibited similar reproductive values at Bradford and Stacyville. Regular, 
alternate-year fall food shortages at Spectacle Pond slowed maturation of female 
bears and lengthened intervals between litters. Fall food shortages have 
suppressed reproduction in Alaska (Schwartz and Franzmann 1991, Miller 
1994), Montana (Jonkel and Cowan 1971 ), Minnesota (Rogers 1976), Ontario 
(Kolenosky 1990), and Massachusetts (Eiowe 1987); females that entered dens 
in poor physical condition rarely produced offspring the following winter. 
Female black bears are slow to mature; age of first reproduction ranges 
from 3-9 years of age across North America (Reynolds 1977, Eiler 1981, 
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Figure 2.3. Length of intervals, in years, between litters produced by individual 
female black bears in Maine. Intervals were measured separately 
for females that lost their initial litter prior to being handled in the 
den 1 year later, and for females that had litters survive through one 
year of age. 
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LeCount 1984, Elowe 1987, Miller 1987, 1994, Rogers 1987, Kolenosky 1990 as 
cited in Alt 1989). Females in the east-central United States generally produce 
cubs at earlier ages than those in western or northern populations. Litters range 
from 1-5 and average 2 - 3 cubs in Eastern North America (Spencer 1955, 
Erickson et al. 1964, Eiler 1981, Hugie 1982, Kohn 1982, Elowe 1987, Rogers 
1987, Alt 1989, Kolenosky 1990). In western black bear populations, litters are 
usually smaller, ranging from 1-4 cubs, averaging 2 cubs (Erickson et al. 1 ~64, 
Jonkel and Cowan 1971, Piekielek and Burton 1975, Reynolds 1977, Beecham 
1980, Graber 1981, Schwartz et al. 1983, LeCount 1984, Miller 1987, 1994). 
Black bears exhibit an extended period of parental care, with family groups 
generally remaining intact 14-18 months (Jonkel and Cowan 1971, Pelton 1982, 
Alt 1989). Only rarely will offspring accompany the mother in a family group for 2 · 
Y2 years (Miller 1987, Noyce and Garshelis 1994). In the present study, 2 
females were accompanied by their offspring for 2 Y2 years, and one female's 
3-year olds denned with her. Given adequate nutrition and survival of cubs, 
individual females usually produce litters at intervals of 2 years. However, 
interbirth intervals of 3-5 years have been reported during food shortages 
(Reynolds 1977, Eiler 1981, Kohn 1982, Schwartz et al. 1983, Rogers 1987, 
Miller 1987, 1994, Kolenosky 1990, Alt 1989). 
Bears in northern Maine synchronized their reproduction on alternate 
years, as most adult females produced cubs on odd-numbered years (Figure 
2.1 ). This synchrony follows the alternate-year pattern of abundant beechnut 
production in the region (Schooley 1990), where beechnuts are the primary 
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late-fall food of bears (Hugie 1982, Caron and Mclaughlin 1985}. Reproductive 
synchrony in black bears has also been reported in New York (Free and 
McCaffrey 1972}, Washington (Lindzey and Maslow 1977}, and Arizona 
(LeCount 1984). A portion of litters die during the first year of life, short-circuiting 
the 2-year reproductive cycles of the females that bore them. Most cub deaths 
occur during the first 5 months of life, i.e. prior to the breeding season (Eiowe 
1987, LeCount 1987, Noyce and Garshelis 1994, Higgins 1997). When litters are 
lost in early spring prior to the summer breeding season, affected females may 
reenter the breeding population and produce litters in consecutive years (Ait 
1989). Most females that lost litters at Stacyville and Bradford did produce 
subsequent litters the following year (Figure 2.2}. However, the alternate-year 
scarcity of fall food at Spectacle Pond apparently lengthened inter-litter intervals 
of females losing litters, and helped maintain reproductive synchrony within the 
population. 
SURVIVAL 
We documented first-year survival for 191 female and 216 male cubs 
through in-den counts of newborn cubs and yearlings (Table 2.4}. We 
radiocollared 284 female bears ~1 year of age and obtained 17,021 locations for 
analysis of survival from 1982-1996. Survival of radiocollared bears was 
calculated using the Heisey-Fuller model (1985}, with annual survival divided into 
3 seasons: winter (den), spring-summer, and fall (hunting period). Hunting was 
the primary mortality agent in all study areas (Table 2.5, Appendix A). 
Table 2.4. Survival of black bear cubs to 1 year of age, based on in-den counts of newborn cubs and yearlings, 
1982-1996. 
TIME PERIOD 
1982-1996 1982-1985 1986-1989 1990-1996 
No. No. No. No. 
Studv Area Sex n Surviving (%) n Surviving (%} n Surviving (%) n Surviving (%) 
Spectacle Pond F 98 64 0.65 38 27 0.71 12 7 0.58 48 30 0.63 
M 104 68 0.65 22 14 0.64 26 16 0.62 56 38 0.68 
Stacyville F 27 20 0.74 8 5 0.63 7 5 0.71 12 10 0.83 
M 39 32 0.82 8 7 0.88 17 14 0.82 14 11 0.79 
Bradford F 66 40 0.61 5 4 0.80 15 5 0.33 46 31 0.67 
M 73 42 0.58 1 1 1.00 24 8 0.33 48 33 0.69 
UJ 
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Table 2.5. Cause of death of black bears in Maine, 1981-1996. 
Stud~ Area Sex Age Class Hunting CriRRiing Auto Research 
Spectacle Pond Female Cub 2 0 0 0 
Yearling 9 1 0 3 
Subadult 19 3 0 2 
Adult 44 Q Q ~ 
Combined 74 4 0 10 
Male Cub 5 0 0 1 
Yearling 4 0 0 0 
Subadult 47 0 0 0 
Adult .4Q Q 1 Q 
Combined 96 0 1 1 
Stacyville Female Cub 0 0 
Yearling 0 0 0 2 
Subadult 5 0 0 2 
Adult § 1 Q Q 
Combined 11 1 0 4 
Male Cub 0 0 0 0 
Yearling 9 0 0 0 
Subadult 10 0 0 0 
Adult 1Q Q Q Q 
Combined 29 0 0 0 
Disease/ 
Starvation Other Bear 
0 0 2 
5 1 1 
2 0 4 
Q 1 .?. 
7 2 9 
0 0 2 
2 0 1 
0 0 0 
Q Q Q 
2 0 3 
0 0 0 
2 0 0 
1 0 0 
Q Q Q 
3 0 0 
0 0 0 
0 0 0 
0 0 0 
Q Q Q 
0 0 0 
Unknown 
30 
0 
0 
1 
31 
28 
0 
0 
Q 
28 
7 
1 
0 
Q 
8 
7 
0 
0 
Q 
7 
Total 
34 
20 
30 
53 
137 
36 
7 
47 
41 
131 
7 
5 
8 
I 
27 
7 
9 
10 
1Q 
36 
w 
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Table 2.5. Cause of death of black bears in Maine, 1981-1996. (cont'd} 
Disease/ 
Stud~ Area Sex Age Class Hunting Crieenng Auto Research Starvation Other Bear Unknown Total 
Bradford Female Cub 1 0 1 3 2 0 0 19 26 
Yearling 11 0 0 6 2 0 0 1 20 
Subadult 14 1 2 4 1 0 1 1 24 
Adult 11 1 1 g 1 Q 1 Q ~ 
Combined 43 2 4 15 6 0 2 21 93 
Male Cub 3 0 0 5 0 0 1 22 31 
Yearling 7 0 1 0 0 0 1 0 9 
Subadult 59 0 2 1 0 0 0 0 62 
Adult ~ 1 Q Q Q Q Q Q 27 
Combined 92 1 6 6 0 0 2 22 12 
1. Cause of death-- for cubs (either sex): determined by in-den counts of newborns amfyearlings;-- for yearlings and older: telemetry studies for females, and ear tag returns for 
males. 
w 
0> 
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From 1982 -1985, bear harvests were relatively stable, ranging from 1,221 
- 1,544 annually. From 1986-1989, hunting harvests rose rapidly as bear hunting 
gained popularity, peaking at 2,690 bears in 1989. Beginning in 1990, restrictive 
hunting regulations generally controlled hunting effort and harvests. Because of 
changing hunting pressure and regulations, survival was calculated separately 
for each of these 3 time periods. 
Despite the long-term nature of the study, small sample sizes reduced the 
power of statistical tests for differences in survival among subsets (e.g. age 
classes, study areas). However, the lack of power to detect small differences in 
survival was not a concern in subsequent simulations, which were designed to 
\ 
review the influence of relatively large differences in vital rates on population 
growth. 
Survival of Cubs 
Survival of female cubs to one year of age ranged from 0.58- 0.71 at 
Spectacle Pond, 0.63-0.83 at Stacyville, and 0.33-0.80 at Bradford (Table 2.4). 
Survival estimates were hampered by small sample sizes, particularly at 
Stacyville, and in Bradford through 1989. 
Survival of Yearling and Older Bears 
Annual survival was compared among areas, age groups, and time 
periods (Table 2.6, 2.7), but tests for differences in interval survival were not 
conducted. Survival estimates had least variance at Spectacle Pond and 
Bradford, where samples of radiocollared bears often exceeded 20/year for the 
duration of the study. Lower numbers of bears were monitored at Stacyville, 
Table 2.6. Seasonal and annual survival of female black bears on 3 Maine study areas during 1982-1985, 
1986-1989, and 1990-1996. 
STUDY AREAS 
Spectacle Pond Stacyville Bradford 
n Radio No. Survival n Radio No. Survival n Radio No. Survival 
Aae Class Season Time Period Days Deaths Estimate 95%CI Days Deaths Estimate 95%CI Days Deaths Estimate 95%CI 
1982-1985 97n 1 0.98 0.96- 1.00 4963 0 1.00 1.00-1.00 2396 0 1.00 1.00- 1.00 
Winter 1986-1989 9181 0 1.00 1.00- 1.00 3145 0 1.00 1.00- 1.00 5021 0 1.00 1.00-1.00 
1990-1996 18794 0 1.00 1.00- 1.00 4719 0 1.00 1.00- 1.00 12998 0 1.00 1.00- 1.00 
1982-1985 8695 1 0.99 0.96- 1.00 2917 0 1.00 1.00- 1.00 2164 0 1.00 1.00- 1.00 
Spring-Summer 1986-1989 7815 0 1.00 1.00-1.00 2544 0 1.00 1.00-1.00 4091 1 0.97 0.92- 1.00 
1990-1996 14807 3 0.98 0.95- 1.00 3843 0 1.00 1.00- 1.00 10805 1 0.99 0.97- 1.00 
Adult 
1982-1985 6490 13 0.83 0.75-0.92 6490 0 1.00 1.00-1.00 1843 4 0.81 0.66- 1.00 
Fall 1986-1989 4801 16 0.73 0.62-0.85 1941 1 0.95 0.87-1.00 3174 1 0.97 0.92- 1.00 
1990-1996 10878 - 7 0.94 0.90-0.98 2701 2 0.93 0.85- 1.00 7380 14 0.83 0.76- 0.92 
1982-1985 24962 15 0.80 0.72-0.90 14370 0 1.00 1.00- 1.00 6403 4 0.81 0.66- 1.00 
ANNUA~ 1986-1989 21797 16 0.73 0.62-0.85 7630 1 0.95 0.87- 1.00 12286 2 0.94 0.87- 1.00 
1990-1996 44479 10 0.92 0.87-0.97 11263 Q} 0.93 0.85- 1.00 31183 15 -~~~ 0.75- 0.91 
VJ 
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Table 2.6. Seasonal and annual survival of female black bears on 3 Maine study areas during 1982-1985, 
1986-1989, and 1990-1996. (cont'd) 
STUDY AREAS 
Spectacle Pond Stacyville Bradford 
n Radio No. Survival n Radio No. Survival n Radio No. Survival 
Aae Class Season Time Period Days Deaths Estimate 95%CI Days Deaths Estimate 95%CI Days Deaths Estimate 95%CI 
1982-1985 1696 0 1.00 1.00- 1.00 0 1268 0 1.00 1.00- 1.00 
Winter 1986-1989 4218 1 0.96 0.90- 1.00 815 0 1.00 1.00- 1.00 1570 1 0.91 0.75-1.00 
1990-1996 6626 0 1.00 1.00- 1.00 2055 0 1.00 1.00- 1.00 4672 1 0.97 0.91 - 1.00 
1982-1985 1315 0 1.00 1.00- 1.00 0 1211 0 1.00 1.00- 1.00 
Spring-Summer 1986-1989 3526 2 0.94 0.85-1.00 728 0 1.00 1.00- 1.00 1351 0 1.00 1.00- 1.00 
1990-1996 6004 0 1.00 1.00- 1.00 1669 0 1.00 1.00-1.00 4175 0 1.00 1.00- 1.00 
Subadult 
1982-1985 1422 0 1.00 1.00- 1.00 0 852 3 0.72 0.49- 1.00 
Fall 1986-1989 1990 9 0.65 0.49-0.86 378 2 0.60 0.30- 1.00 922 4 0.66 0.44-0.99 
1990-1996 4392 4 0.92 0.84- 1.00 1244 1 0.93 0.80- 1.00 2342 10 0.67 0.52-0.86 
1982-1985 4433 0 1.00 1.00- 1.00 0 0 3331 3 0.72 0.49- 1.00 
ANNUAL 1986-1989 9734 12 0.59 0.43-0.80 1921 2 0.60 0.30-1.00 3843 5 0.60 0.38-0.94 
1990-1996 17022 4 0.92 0.84- 1.00 4968 1 0.93 0.80- 1.00 11189 11 0.64 0.50-0:84 
(.U 
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Table 2.6. Seasonal and annual survival of female black bears on 3 Maine study areas during 1982-1985, 
1986-1989, and 1990-1996. (cont'd) 
STUDY AREAS 
Spectacle Pond Stacyville Bradford 
n Radio No. Survival n Radio No. Survival n Radio No. Survival 
Aqe Class Season Time Period Days Deaths Estimate 95%CI Qm. Deaths Estimate 95%CI Days Deaths Estimate 95%CI 
1982-1985 1006 1 0.86 0.64-1.00 119 0 1.00 1.00- 1.00 316 0 1.00 1.00- 1.00 
Winter 1986-1989 2638 0 1.00 1.00-1.00 696 0 1.00 1.00- 1.00 481 0 1.00 1.00- 1.00 
1990-1996 3786 0 1.00 1.00- 1.00 1081 0 1.00 1.00- 1.00 3814 0 1.00 1.00- 1.00 
1982-1985 1116 4 0.65 0.43-1.00 83 1 0.24 0.01- 1.00 388 0 1.00 1.00- 1.00 
Spring-Summer 1986-1989 2399 3 0.86 0.73- 1.00 707 0 1.00 1.00-1.00 512 0 1.00 1.00- 1.00 
1990-1996 4370 3 0.92 0.84- 1.00 1161 2 0.82 0.62-1.00 4538 2 0.95 0.88- 1.00 
Yearling 
1982-1985 573 2 0.72 0.45-1.00 0 309 4 0.29 0.09-0.97 
Fail 1986-1989 1608 3 0.84 0.68- 1.00 390 1 0.78 0.49- 1.00 430 1 0.80 0.52- 1.00 
1990-1996 3290 2 0.94 0.87- 1.00 654 0 1.00 1.00-1.00 3048 8 0.78 0.66-0.93 
1982-1985 2695 7 0.40 0.20-0.80 202 1 0.24 0.01 - 1.00 1013 4 0.29 0.09-0.98 
ANNUAL 1986-1989 6645 6 0.72 0.56-0.94 1793 1 0.78 0.49- 1.00 1423 1 0.80 0.52- 1.00 
1990-1996 11446 5 0.87 0.77-0.98 2896 2 0.82 0.62- 1.00 11400 10 0.74 0.61 - 0.89 
~ 
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Table 2.7. Results of Z-tests for pairwise comparisons of survival-- assuming no difference between annual 
survival rates - female black bears. 
Aae Class Time Periods ~ 
Adult 82-85 vs 86-89 1.02 
86-89 VS 90-96 3.03 
82-85 vs 90-96 3.03 
Even vs Odd 1.40 
Subadult 82-85 vs 86-89 4.54 
86-89 vs 90-96 3.32 
82-85 VS 90-96 2.09 
Evenvs Odd 0.19 
Yearling 82-85 vs 86-89 1.86 
86-89 VS 90-96 0.82 
82-85 VS 90-96 2.25 
Even vs Odd 1.45 
COMPARISONS BETWEEN TIME PERIODS 
WITHIN STUDY AREA 
S~ectacle Pond Stacyville 
f. ~ f. 
0. 15390 Do Not Reject Ho 1.47 0.1515 Do Not Reject Ho 
0.00122 Reject Ho 1.47 0.3783 Do Not Reject Ho 
0.00122 Reject Ho 1.47 0.0708 Do Not Reject Ho 
0.08080 Do Not Reject Ho 
1 E-006 Reject Ho 2.81 0.0025 Reject Ho 
0.00045 Reject Ho 1.42 0.0778 Do Not Reject Ho 
0.01830 Reject Ho 13.09 1 E-008 Reject Ho 
0.42470 Do Not Reject Ho 
0.03140 Do Not Reject Ho 1.39 0.0823 Do Not Reject Ho 
0.20610 Do Not Reject Ho 0.14 0.4443 Do Not Reject Ho 
0.01220 Reject Ho 1.59 0.0559 Do Not Reject Ho 
0.07350 Do Not Reject Ho 
Bradford 
~ f. 
1.40 0.0808 Do Not Reject Ho 
2.07 0.0192 Reject Ho 
0.13 0.4483 Do Not Reject Ho 
0.59 
0.27 
0.43 
2.03 
0.32 
2.33 
0.2776 Do Not Reject Ho 
0.3936 Do Not Reject Ho 
0.3336 Do Not Reject Ho 
0.0212 Reject Ho 
0.3745 Do Not Reject Ho 
0.0099 Reject Ho 
~ 
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Table 2.7. Results of Z-tests for pairwise comparisons of survival-- assuming no difference between 
annual survival rates- female black bears. (cont'd) 
Time Period 
82-85 
86-89 
90-96 
. 82-85 
86-89 
90-96 
82-85 
86-89 
90-96 
Aae Classes 
ADULT vs SUBADUL T 
ADULT vs SUBADUL T 
ADULT vs SUBADUL T 
SUBADUL T vs YEARLING 
SUBADUL T vs YEARLING 
SUBADUL T vs YEARLING 
ADULT vs YEARLING 
ADULT vs YEARLING 
ADULT vs YEARLING 
COMPARISONS BETWEEN AGE CLASSES 
WITHIN STUDY AREA 
seectacle Pond 
~ e. 
4.33 0.00001 Reject Ho 
1.31 0.09510 Do Not Reject Ho 
0.03 0.48800 Do Not Reject Ho 
4.21 1 E-006 Reject Ho 
1.02 0.1539 Do Not Reject Ho 
0.30 
2.68 
0.05 
0.31 
0.3821 Do Not Reject Ho 
0.0037 Reject Ho 
0.4801 Do Not Reject Ho 
0.3783 Do Not Reject Ho 
Stacyville 
~ e. 
1.58 0.0571 Do Not Reject Ho 
0.07 0.4721 Do Not Reject Ho 
0.70 0.2420 Do Not Reject Ho 
0.62 0.2676 Do Not Reject Ho 
0.81 0.2090 Do Not Reject Ho 
2.22 0.0132 Reject Ho 
0.86 0.1949 Do Not Reject Ho 
0.92 0.1788 Do Not Reject Ho 
Bradford 
~ e. 
0.61 0.2709 Do Not Reject Ho 
2.40 0.0082 Reject Ho 
1.91 0.0281 Do Not Reject Ho 
1.88 0.0301 Do Not Reject Ho 
0.90 0.1841 Do Not Reject Ho 
0.85 0. f977 Do Not Reject Ho 
2.64 0.0041 Reject Ho 
0.78 0.2177 Do Not Reject Ho 
1.06 0.1446 Do Not Reject Ho 
.J:>. 
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Table 2.7. Results of Z-tests for pairwise comparisons of survival-- assuming no difference between 
annual survival rates- female black bears. (c011t•d) 
Time Period 
82-85 
86-89 
90-96 
82-85 
86-89 
90-96 
82-85 
86-89 
90-96 
Studv Areas 
SPEC vs STACY 
SPEC vs STACY 
SPEC vs STACY 
STACY vs BRAD 
STACY vs BRAD 
STACY vs BRAD 
SPECvs BRAD 
SPECvs BRAD 
SPECvs BRAD 
COMPARISONS BETWEEN STUDY AREAS 
WITHIN AGE CLASSES 
ADULT SUBADULT 
_£ 
..e... _£ ..e... 
4.33 0.00001 Reject Ho 
3.02 0.00126 Reject Ho 0.07 0.46410 Do Not Reject Ho 
0.26 0.39740 Do Not Reject Ho 0.12 0.45220 Do Not Reject Ho 
2.22 0.01320 Reject Ho 5.17 0.00001 Reject Ho 
0.15 0.44040 Do Not Reject Ho 0.01 0.49600 Do Not Reject Ho 
1.72 0.04270 Do Not Reject Ho 2.54 0.00550 Reject Ho 
0.11 0.45620 Do Not Reject Ho 2.06 0.01970 Reject Ho 
3.08 0.00103 Reject Ho 0.09 0.4641 0 Do Not Reject Ho 
1.94 0.02620 Do Not Reject Ho 2.89 0.00190 Reject Ho 
_£ 
0.45 
0.29 
0.28 
0.13 
0.07 
0.56 
0.50 
0.39 
0.78 
YEARLING 
..e... 
0.32640 Do Not Reject Ho 
0.38590 Do Not Reject Ho 
0.38970 Do Not Reject Ho 
0.44830 Do Not Reject Ho 
0.47210 Do Not Reject Ho 
0.28770 Do Not Reject Ho 
0.30850 Do Not Reject Ho 
0.34830 Do Not Reject Ho 
0.21770 Do Not Reject Ho 
~ 
c.u 
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often 7-1 0/year. Estimates of yearling and subadult survival at Stacyville were 
based on few radio days, and were very variable (e.g. 95% C. I. of spring-summer 
survival of yearlings was 0.01-1.0)(Table 2.6). 
Winter (Den) Survival 
Overwinter survival was high for all age classes, across all study areas 
and time periods (Table 2.6). Winter survival of yearling bears was 1.0 across 
all three study areas and time periods except at Spectacle Pond for 1982-1985, 
when it averaged only 0.86. Subadult overwinter survival ranged from 0.96 to 1 .0 
at Spectacle Pond, and from 0.91 to 1.0 at Bradford. Few subadult bears were 
monitored at Stacyville during winter, and survival estimates for the interval are 
suspect. Adult survival during winter .was 1.0 for all areas and periods except at 
Spectacle Pond for 1982-1985, when it dropped to 0.98 (1 death: an adult 
female with a newborn litter killed by a larger bear at den emergence). 
Spring-summer Survival 
Spring-summer survival of adult and subadult bears remained near 1 00% 
across all areas and time periods (Table 2.6}. Yearling survival fluctuated from 
0.65 - 0.92 at Spectacle Pond. At Bradford, yearling survival remained near 
100% (0.95-1.0}, but sample size was limited. Very few subadult and yearling 
bears were monitored at Stacyville. Yearling survival was 0.82 during 1990-1996, 
the only time period that contained over 1 ,000 radio days of sampling. 
Fall (Hunting Season) Survival 
For adult and subadult bears, fall (hunting season) was the interval of 
lowest survival on all3 study areas. Mean interval survival ranged from 0.73 to 
45 
0.94 for adults at Spectacle Pond, and from 0.81 to 0.97 at Bradford. Subadult 
survival ranged from 0.65 to 1.0 at Spectacle Pond, and 0.66 to 0.72 at Bradford. 
Fall survival of yearling bears at Spectacle Pond (0.72 to 0.94) was about the 
same as spring-summer survival (0.65 to 0.92). At Bradford, yearling survival 
estimates were hampered by small sample sizes, resulting in estimates with wide 
variance. 
Annual Survival 
Annual survival of adults at Spectacle Pond was higher during 1990-1996 
than during either of the previous time periods (Table 2. 7; 1982-85: Z=2.23, 
P=0.0129; 1986-1989: Z=3.03, P=0.00122). At Bradford, adult survival was 
significantly higher during 1986-1989 than during 1990-1996 (Table 2.7; Z=2.07, 
P=0.0192) but did not differ from 1982-1985 (Table 2.7; Z=1.4, P=0.0808). Adult 
survival at Stacyville did not differ significantly over the 3 time periods (Table 
2.7). 
Subadult survival differed among all 3 time periods at Spectacle Pond 
(Table 2.7), but no statistical differences were detected at Bradford (Table 2.7). 
Yearling survival did not differ among time periods at Spectacle Pond, and 
sparse sampling effort at Bradford and Stacyville precluded rigorous testing 
among periods. 
Adult survival differed between Spectacle Pond and Stacyville during 
1982-1985 and 1986-1989, but not during 1990-1996. Subadult survival differed 
between Spectacle Pond and Bradford during 1982-1985, and again during 
1990-1996. No subadults were radiocollared at Stacyville during 1982-1985, 
precluding testing for differences in subadult survival with the other areas. No 
differences in yearling survival were detected among areas. 
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At Spectacle Pond, annual survival of adults, subadults and yearlings did 
not differ between even and odd-numbered years (Table 2.7). 
DISCUSSION - SURVIVAL 
Black bears have few natural predators across their range, and their 
survival is governed by food supply and man's activities (Pelton 1982, Miller 
1990, Garshelis 1994, Higgins 1997). Malnutrition (Rogers 1976, Elowe and 
Dodge 1989), and cannibalism (Young and Ruff 1982, LeCount 1987, Schwartz 
and Franzmann 1991, Higgins 1997) may be significant causes of cub and 
yearling mortality, with cannibalism remaining an important mortality factor for 
yearlings and subadults (Rogers 1976, Garshelis 1994). Man becomes the 
principal mortality agent for subadult and adult bears through hunting, collisions 
with vehicles, and lethal removal of bears in conflict with man's activities (Rogers 
1977, Bunnell and Tait 1985, LeCount 1987, Elowe 1987, Miller 1990, Beck 
1991, Schwartz and Franzmann 1991, Garshelis 1994, Higgins 1997). Mature 
bears appear able to survive seasonal food shortages better than subadults. 
Adult females may forego reproduction to utilize critical stores of body fat for 
their own survival following fall food failures (Eiowe 1987, Rogers 1977, 
Kolenosky 1990), but nutritionally-based deaths are rare (Noyes and Garshelis 
1994). During the winter months, when bears are in dens, adult bears exhibit 
very high survival, approaching 100% (Rogers 1987). Winter survival of yearlings 
and subadults dropped as low as 0.86 and 0.91 respectively in this study, but 
only 3 deaths occurred during this interval (Table 2.6} (Appendix A). 
Spring-summer Survival 
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Spring-summer survival of adult and subadult bears often exceeded 97% 
for adults and 94% for subadults (Appendix A). However, yearling survival 
fluctuated markedly during spring and summer, particularly at Spectacle Pond, 
where fall food abundance varied. 
Young bears use much of their food energy for growth, and their survival 
appears influenced by fall food abundance. In years of food shortages they enter 
dens early and in poor physical condition, remain in dens longer, and emerge 
with little remaining body fat. Bears may continue to depend upon their fat stores 
during the nutrient-poor early spring foraging period. Noyce and Garshelis (1998) 
reported that most bears in northcentral Minnesota maintained or gained weight 
from den emergence through summer, but the nutritional plane of bears in 
Minnesota appears to be higher than in Maine. Subadult bears in northern Maine 
weighed nearly 1/3 less than bears in Minnesota at the same age and season, 
and generally lost weight from late winter through early spring (Appendix B). 
Survival of young bears may be lower in springs following fall food failures 
(Appendix A}, but sampling was too sparse to test during this study. 
Fall Survival 
Where bears are hunted during the fall, the abundance and distribution of 
natural foods influence their vulnerability to hunting harvest (Kane 1989}. They 
feed heavily during the fall to store body fat for the winter denning period. 
Whenever late fall foods are abundant, bears actively forage until weather 
becomes severe. When fall foods (chiefly beechnuts) are abundant, bears in 
northern Maine usually enter dens in mid-late November, but when food is 
scarce, they den in early October (Schooley 1990). 
48 
Early-fall harvests over bait are lower in years of food abundance, when 
hunters' baits are less attractive to bears (McLaughlin et al. 1991, MDIFW file 
data). Variability in den-entry dates strongly influences the size of late-fall 
(November) bear harvests (McLaughlin et al. 1991 ). In years of abundant fall 
food, late-foraging bears become vulnerable to harvest by houndsmen in 
October, and to the large number of hunters participating in Maine's November 
firearms deer hunting season. Conversely, late-fall bear harvests are small in 
years of food scarcity and early den-entry (McLaughlin et al. 1991 ). 
In 1990, Maine's bear hunting regulations became more restrictive to 
reduce harvests and increase bear numbers (Figure 2.4). Therefore, survival of 
bears at Spectacle Pond and Bradford was compared for two consecutive 
periods (4 years, then 7 years) under 2 hunting regulation scenarios. The 1990 
restrictions focused on hunting over bait, the method which was responsible for 
most of the increase in bear harvests from 1985-1989 (Figure 2.5). Hunting over 
bait was legal for a 9-week period from 1982-1989, and was reduced to 4 weeks 
in 1990. Houndsmen were able to take bears for 9 weeks prior to 1990; 
thereafter they were restricted to a 7-week season. Although both the 
stillhunting/stalking and trapping periods were also restricted in 1990, the 
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Figure 2.5. Maine bear harvests by method of take, 1982-1996. 
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number of bears harvested by these methods of take were relatively insignificant 
(McLaughlin et al. 1993). 
Currently, bears are hunted over bait in Maine in early fall (late August-
late September). Hunters use hounds to pursue bears from mid-September 
through the end of October. Still-hunting and stalking opportunity was expanded 
slowly during the 1990s, and is now permitted for the entire 3-month season, 
from late August through November. The trapping season remained restricted to 
a 4-5 week season through 1996. 
The majority of subadult and adult deaths recorded during the fall interval 
were due to legal hunting, underscoring the importance of hunting as a mortality 
agent. Annual survival of yearlings was influenced nearly equally by 
spring-summer survival and fall survival, suggesting that environmental factors 
are as important in determining survival of young bears as man-caused mortality 
through hunting. Winter was an interval of low mortality for all age classes. Bears 
were in dens during this interval, and removed from the influence of most 
mortality factors. 
DENSITY INDICES 
Indices of female bear densities were calculated at three points in time: 
spring 1985, spring 1990, and spring 1995. These 3 equally-spaced dates 
allowed comparisons of densities from early, midway, and late in the period of 
study. They also correlated with changes in harvesting effort and regulations 
during the study period. Hunting effort and harvests were relatively stable from 
1982-1985, increased markedly through 1989, then dropped in the 1990s 
following regulation changes. 
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Density indices were based on convex polygon ranges (1 00%) of all bears 
radiocollared on each study area, plotted using Ranges V (Kenward and Hodder 
1990). Ranges of individual bears contained locations from their entire 
monitoring period, which varied from 1 year to the entire 15-year study period. 
The area of a composite polygon formed by the outermost boundaries of 
overlapping home ranges (Figure 2.6, 2.7) provided the base for a density 
estimate. Radiocollared bears were assigned to age classes (yearling, subadult, 
adult), and the density index of each class was obtained as the number of bears 
in the class divided by the area of th~ composite polygon. Cub density was 
based on the number of female cubs known to accompany radiocollared adult 
females in dens during March. The index of total female bear density was simply 
the sum of all age class densities (Appendix C). 
Density indices at Spectacle Pond dropped markedly from 0.207 female 
bears/km2 in 1985 to 0.090 female bears/km2 in 1990, then nearly doubled to 
0.157 female bears/km2 in 1995 (Figure 2.8). Bradford density indices increased 
slightly from 0.095 female bears/km2 in 1985 to 0.129 female bears/km2 in 1990, 
then dropped to 0.112 female bears/km2 in 1995. Density indices were not 
calculated at Stacyville because the small number of radiocollared bears under 
study there were scattered on the landscape. Density indices from Spectacle 
Pond and Bradford were compared to simulation results to validate the computer 
model (Chapter 3). 
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Figure 2.6. Individual home ranges of radiocollared female black bears ~1 year 
of age at Spectacle Pond, 1995. Polygons represent the perimeter 
of convex polygon home ranges. 
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Figure 2.7. Composite polygon, representing the outermost boundaries of 
overlapping home ranges of radiocollared female black bears ~ 1 
year of age at Spectacle Pond, 1995. The area of this composite 
polygon formed the basis for calculating an annual density index. 
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Figure 2.8. Density indices of radiocollared female black bears ~ 1 year of age 
at Spectacle Pond and Bradford study areas, Maine, for 1985, 
1990, and 1995. 
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DISCUSSION - DENSITY INDICES 
This method of indexing bear densities provided minimum density 
estimates, as it was unlikely that all females within each study area were 
accounted for. It also failed to account for the occurrence of females on the 
periphery of the study area with home ranges that overlapped the outermost 
ranges of radiocollared females. Indices were point estimates, without 
associated estimates of variance. Each study area plot included home ranges 
which were located outside of the composite polygons. These ranges were 
excluded from density indices. Short term movements of bears to exploit 
seasonal food sources far from their ranges were excluded from composite 
polygons, following Schooley (1990}. Such movements are common during fall 
months, but are undertaken sporadically (Hugie 1982, Schooley 1990}. Finally, 
the use of convex polygon home range estimates probably produced inflated 
range measurements and reduced density estimates. Despite these 
shortcomings, the method provided a means to comparable indices of female 
bear densities on the study areas over the 15-year study period. Female ranges 
exhibited considerable overlap (Figure 2.5}, and reduced the influence of inflated 
individual home ranges on the density indices. 
CHAPTER 3 
DESCRIPTION AND INITIAL SENSITIVITY ANALYSIS OF AN 
INDIVIDUAL-BASED COMPUTER MODEL FOR SIMULATING FEMALE 
BLACK BEAR POPULATIONS 
INTRODUCTION 
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In the Northeast, black bears rely on food supplies that fluctuate in 
abundance, influencing their reproductive success and recruitment (Hugie 1982, 
Elowe and Dodge 1989, McLaughlin et al. 1994). Simulation models (Shaffer 
1983, Knight and Eberhardt 1985, Harris et al. 1986, Taylor et al. 1987, Gilbert 
and Udevitz 1997) have improved understanding of bear demographics and 
population responses to management. However, published computer models 
do not accommodate the strong relationship between annual nutritional planes of 
female bears and their recruitment, Which has synchronized reproduction in 
northern Maine (McLaughlin et al. 1994). Greater understanding of the 
demographics of female bear populations that depend upon fluctuating food 
supplies will improve conservation efforts, including habitat management and 
harvesting systems. 
This chapter describes an individual-based, predictive population model 
for female black bears, based on empirical data from long-term telemetry studies 
on 3 dissimilar study sites in Maine (McLaughlin 1984}. Success or failure of 
every survival or reproductive event in each bear's life history is determined 
using a binomial approach. For each event a randomly selected value with a 
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uniform distribution is compared to the probability of success (reproduction or 
survival). If the random number is less than or equal to the probability value, the 
animal survives or reproduces; if it is higher, it does not. Nutritional effects on 
reproductive success and survival are incorporated, hunting harvests can be 
specified, and stochastic effects on reproductive and survival parameters can 
also be included. 
Nearly all population parameters can be adjusted at the beginning of a 
simulation session, allowing the model to be used to answer questions of 
population response under a wide range of conditions. The model is written in 
QuickBasic 4.5, and the compiled version runs on DOS-based PCs. It can 
simulate population growth over periods of up to 1 00 years. 
OTHER POPULATION MODELS 
Most North American bear populations are managed for sustained yields 
(Miller 1990), but computer models and simulation studies are relatively recent 
additions to management programs. Many population models have limited utility 
for bear populations, as they lack the flexibility to address the species' multi-year 
reproductive cycle, and thus produce inaccurate projections from unstable age 
structures (Taylor et al. 1987). 
Few computer models have been designed specifically for bears. Shaffer 
(1983) and Knight and Eberhardt (1985) used simulation models to project 
grizzly bear ( U. arctos) populations. Harris et al. (1986) developed software 
(GAPPS) useful for constructing stochastic models for species with any kind of 
life history, and applied it to grizzly bears. These models provide for 
demographic stochasticity, but do not accommodate reproductive synchrony. 
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Taylor et al. (1987) developed a series of computer algorithms 
(ANURSUS) to estimate population parameters of polar bears ( U. maritimus), 
brown-grizzly bears and black bears from age-specific observations of litter size 
and family group status. His black bear model includes stochastic effects, but it 
does not accommodate nutritional effects on sexual maturity or survival, flexibility 
in specifying sex ratios at birth, or sex-specific survival of cubs. Initial standing 
age distributions can not be specified and reproductive synchrony can not be 
programmed. 
Gilbert and Udevitz (1996) adapted a stage-projection model to describe 
fecundity rates of bears and other species with multiple-year reproductive cycles. 
They recommended describing the fecundity rates of such species in terms of 
litter size and probabilities of conception and successful gestation. The model 
described in this chapter follows a similar approach. 
MODEL DESCRIPTION 
The present model provides a detailed account of the life history of bears 
by stepping through an annual cycle of events (Figure 3.1, Appendix D, E). 
Within each year of a simulation, cub production is calculated first, then in-den 
mortality is subtracted, followed by spring-summer mortality, and finally fall 
(hunting) mortality. In every simulation year, each bear in the population is 
addressed sequentially at each life history event. The bear's success or failure at 
each event is governed by a critical number, which is set to the probability that a 
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Figure 3.1. Annual cycle of life history events in bear simulation model, 
indicating sequence of births and deaths. 
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bear in the individual's age and reproductive category is successful at surviving 
or reproducing. A random number (ranging between 0 and 1.0) is generated for 
the individual bear and event (Figure 3.2}. If the random number is 5 the critical 
value, the bear survives or reproduces; if higher, it does not. For record keeping 
(Emlen and Pikitch 1989}, bears are assembled in matrices by yearclass and 
reproductive category. Because the model addresses individual bears, and 
population changes are the result of discrete events, it has an inherent level of 
demographic stochasticity that mimics the behavior of small populations, and 
each simulation provides a unique population trajectory. 
The model simulates female black bear populations; male bears are 
excluded. As populations approach carrying capacity, bear numbers are limited 
through density-dependent reduction in spring-summer survival in a nonlinear 
fashion (Strong 1986}. Density-dependent population regulation has not been 
conclusively demonstrated in bears (Taylor 1994). However, the model uses a 
"density-vague" approach (Strong 1986} to regulate bear numbers by reducing 
survival when population densities exceed thresholds that are set near carrying 
capacity. This approach behaves similarly to the continuous nonlinear function 
(Eberhardt and Siniff 1977). Taylor (1994} used the continuous nonlinear 
function to describe the strongly nonlinear relationship between survival and 
population size as a means of internal regulation of bear populations. Unlike the 
continuous nonlinear function, the model does not reduce bear survival on a 
continuum of densities; instead, survival declines only when densities exceed 
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Figure 3.2. Method of determining the success or failure of individual life history 
events within the bear simulation model. A random number ranging 
between 0 and 1.0 is generated for each bear, for each life history 
event throughout the simulation period. The random number is 
compared to a critical value, representing the probability of success 
for the event. In the example, the critical value is set at 0.80. If the 
random number is less than or equal to the critical value (A in the 
figure) the individual bear is successful (i.e., survives, or 
reproduces). If the random number is greater than the critical value 
(Bin the figure) the bear dies, or does not reproduce. 
Binomial Approach to Determining 
Success or Failure of Life History 
Events 
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thresholds near carrying capacity. No density:-dependent influences on 
reproduction are included. 
Reproduction 
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The model is year-class specific and accounts for black bears' 2-year 
reproductive cycles. Births occur in midwinter. The number of cubs born each 
year depends on the age distribution of the population, reproductive histories of 
breeding-age females, and food abundance during the preceding fall. 
Within each simulation year, each bear is assigned to 1 of 6 reproductive 
categories (pre-productive, potential cub producer, inexperienced with cubs, 
experienced with cubs, with yearlings, or barren) based on its age, prior 
reproductive history, and associated probabilities <?f cub production and litter 
survival (Figure 3.3). Females are classified as pre-productive until they reach 
the minimum age of reproduction. Then, a portion of the year-class is assigned 
to the potential cub producer category, according to the probability of bears in 
this yearclass becoming breeders. A portion of potential cub producers is 
assigned to the with cubs category; all remaining bears in this year class remain 
in the pre-productive category. All pre-productive bears are also accounted for 
in an array of barren females; these females will become potential cub 
producers in the next simulation year. First litters are smaller, and have lower 
survival, than subsequent litters. Females in the with cubs category are 
subdivided into inexperienced and experienced classes. All first-time producers 
are assigned to the with cubs (inexperienced) class. Adult females with cubs 
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Figure 3.3. Annual cycle of reproductive status for black bear simulation model. 
As individual females become sexually mature, they pass from the 
pre-productive category (in center) to the potential cub producer 
category on right during the June breeding season. By the following 
January, they either give birth (with cubs), or are barren and return 
to the pre-productive category. The following June females which 
gave birth in January are not available as breeders, unless their 
litters were lost. Most females retain their litters, and den with 
yearlings the second winter following conception. Primaparous 
females (inexperienced) and semalparous females (experienced) 
are treated separately, as subsequent litters are larger, with higher 
survival. Some adult females fail to produce cubs and are relegated 
to barren status, becoming available as breeders during the 
subsequent breeding s~ason. 
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that survive the year are advanced to the with yearlings category in the 
following simulation year, and are not counted as potential breeders. 
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A portion of litters die during the first year of life, short-circuiting the 2-year 
reproductive cycles of the parent females. The model assigns a portion of the 
females with cubs to this fate each year, moving them to the potential cub 
producer category, where they return to the pool of breeding females the 
following winter. In the next simulation year, all females with yearlings are 
advanced to the potential cub producer category along with any barren adult 
females. In subsequent simulation years, pre-productive bears advance in age 
and eventually produce cubs, and the number of inexperienced cub producers in 
the cohort declines. 
The number of females that produce litters (with cubs) in a given year is 
only a portion of the adult females that entered the previous summer's breeding 
season unencumbered with cubs (potential cub producers). This number is 
determined by food conditions during fall; a greater percentage of breeding 
females produce litters when fall foods are abundant. Three levels of nutrition 
and associated litter-production levels (proportion· of breeding females producing 
cubs) are incorporated in the model. By default, 80% of breeding females 
produce cubs following high food, 50% produce cubs following moderate food, 
and 15% of breeders produce cubs following low food years. 
The number of cubs produced each year is the sum of cub production by 
all adult yearclasses. Each simulation year, the number of cubs produced by a 
yearclass is determined by first establishing the number of cub producers (with 
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cubs), based upon the probability of cub production and number of potential 
cub producers. Each litter-producing female (with cubs) is randomly assigned 
a litter size using a matrix containing the probabilities of females producing litters 
1-, 2-, 3-, and 4-cubs in size. The same binomial approach used to determine 
success or failure of individual life history events (Figure 3.2} is used to assign 
litter size, using a series of critical values that represent the upper and lower 
bounds of consecutive litter-size probabilities. A random number, ranging from 0 
- 1.0, is generated for each female producing a litter. This number is compared 
to the distribution of litter-size probabilities, that are arranged consecutively from 
0 to 1.0. For example, if the probabilities of 1-, 2-, 3-, and 4-cub litters are 0.15, 
0.35, 0.30, and 0.20 respectively, their associated critical values would be: 1-cub 
litters 0-0.15; 2-cub litters 0.16-0.50; 3-cub litters 0.51-0.80; and 4~cub litters 
0.81-1.0. The female is then assigned a litter containing the number of cubs that 
are associated with the probability range that includes the random number. Two 
litter matrices are used - one reflecting the prevalence of small litters produced 
by primaparous (inexperienced) cub producers, and another for experienced 
cub producers. 
The number of female cubs produced each year is a proportion of the 
total number of cubs; this was set at 0.5 based upon field data (McLaughlin et al. 
1994, Chapter 2). Male cubs are removed immediately after total cub production 
is calculated each year. They are removed as a group, without regard to 
individual females, to guard against biasing individual reproductive cycles of 
parent females (which would occur from removal of all-male litters). Age of 
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reproductive senescence can be altered; all females over this age are assigned 
to the barren category and removed from cub production. 
Survival 
Annual survival is the product of survival during 3 time periods: winter, 
spring-summer and fall. In Maine, nearly all non-hunting mortality has been 
recorded during winter and spring-summer, and hunting mortality is restricted to 
the fall period (Appendix A). The model considers hunting mortality to be 
additive, with no compensatory relationships with other causes of death, as none 
have been documented in studied black bear populations (Garshelis 1994). Most 
North American black bear populations are probably held below the carrying 
capacity of the habitat through human-caused mortality. 
Nonhunting survivaL-Over-winter survival of adults is essentially 1 00% in 
Maine, but subadult survival may vary considerably (Appendix A). Deaths due to 
nutritional stress occur most often in late winter-early spring, just prior to, or 
closely following emergence from dens. Nonhunting survival may be influenced 
by food abundance during the preceding fall, and/or population density. The 
model allows for reduction in den survival in winters following falls with scarce 
food, and spring-summer survival can be lowered in response to both food 
scarcity during the preceding fall and high bear density in the current simulation 
year. 
Litter survival is addressed within the spring-summer survival module. A 
random number (range 0 - 1.0) is drawn for each adult female in the with cubs 
category, and compared with a critical value of litter survival probability (Figure 
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3.2). Two probabilities are used: one for initial litters from inexperienced females, 
the other for subsequent litters. Females with litters that die (random number 
above critical value) are reassigned to the barren category; all litter loss is 
assumed to occur prior to the summer breeding season. 
Hunting survivaL-Hunting mortality can be programmed as 
cohort-specific survival probabilities, or as a cohort-specific harvest size. If a 
harvest is specified, crippling losses can be added and are reflected in total · 
hunting losses. 
Density Dependent Population Regulation 
Population size had to be limited to keep the model running, as 
exponential population growth outstripped computer memory requirements within 
short simulation periods. Therefore, I developed a mechanism to control bear 
numbers in a density-dependent manner. Although the biological significance of 
the density-dependent population control used in the model can be debated, it 
did not influence interpretations based upon simulations in this paper. All 
conclusions were drawn from simulated population responses at levels that were 
well below those where density-dependent changes in survival occurred. 
Although density-dependent population control of black bear populations 
has not been firmly established through field studies, bear numbers appear to be 
food-limited. Cannibalism has been documented, with adults predating smaller 
bears (see summary in Garshelis 1994}. Thus, this model reduces survival and 
controls population size by simulating increased intraspecific strife and 
cannibalism as competition increases for limited food supplies. 
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Taylor (1994) hypothesized that bear populations are regulated through a 
strongly nonlinear density-dependent reduction in survival, but conceded that 
Strong's (1986) density-vague theory of population regulation was a reasonable 
alternative description. As the present model was being developed, I compared 
long term population equilibrium levels of populations with different reproductive 
levels (as influenced by fall food abundance), regulated under both Strong's 
density-vague and the continuous nonlinear approaches (Figure 3.4). Mean 
population levels over the final 50 years of 1 00-year runs (1 00 replications) 
revealed that food abundance, acting through reproductive performance 
(percentage of breeding adults producing cubs), exerted a strong influence on 
long-term population equilibrium level. Under low food conditions, the population 
declined and stabilized at low levels, and was not regulated by 
density-dependent reduction in survival. All other food level scenarios resulted in 
an abundance of cubs, growing populations, and ultimately population 
stabilization through reduced survival. 
The continuous nonlinear approach to population regulation produced 
long term equilibrium levels similar to the low threshold level chosen under the 
density-vague approach (Table 3.1 ). Unlike the density-vague approach, the 
continuous nonlinear method began to impact survival of all bears at low 
densities, with ever-greater reduction in survival occurring as densities 
approached carrying capacity (Figure 3.5). This approach was less intuitive than 
Strong's, and predictable population control at user-specified carrying capacities 
was difficult to program. 
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Figure 3.4. Comparison of long-term equilibrium levels of simulated female 
black bear populations resulting from 7 density-dependent 
regulation scenarios. The lines connect mean population levels for 
populations living under the same food supply level, as evidenced 
by litter production (percent of breeding females producing litters 
annually). Along the bottom edge of the graph are 5 groupings of 
density thresholds used to initiate density dependent reduction in 
survival following Strong (1986), and 2 levels of continuous 
nonlinear reduction in survival, following Taylor (1994). Density 
threshold levels are very low (VL), low (L), moderate (M), high (H), 
and very high (VH). Lists of numbers associated with density 
threshold levels are the population levels (number of bears) where 
survival of subadults, cubs, and adults begin to decline. 
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Table 3.1. Comparison of mean long term equilibrium population size produce by 5 density-dependent 
threshold settings following Strong's Density Vague theory, and 2 continuous nonlinear curves 
with moderate nonlinearity term (Ks) values. 
Threshold Level' ~ Food Level (Percent of breeding females l!roduclng litters) 
Random High, Moderate, 
Alternating High-Low Random High and Low Low 
Low (15%) Moderate (50%) High (80%) (8D-15%) (8D-15%) (SQ-SQ-15%) 
--
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
V L (250,300,400) 22 10.42 405 20.90 420 24.43 360 67.34 345 63.66 261 70.18 
L (500,550,650) 26 12.54 751 28.70 778 34.43 685 114.90 658 112.89 502 132.14 
M (750,800,900) 25 10.99 1068 34.98 1105 39.09 1015 143.40 962 154.18 708 189.72 
H (1 000,1050, 1150) 26 11.66 1406 41.55 1459 47.95 1304 202.82 1248 211.10 843 300.68 
V H (1250,1300,1400) 25 11.93 1731 46.28 1796 54.81 1609 246.01 1537 252.05 946 383.70 
KS=0.05 0.05 21 9.10 639 29.42 720 30.75 606 73.91 535 101.01 199 72.92 
KS=0.025 0.025 23 9.35 777 28.28 832 32.08 732 93.40 670 115.00 306 112.3 
•- Threshold level: Population levels at which reduction in. survival of subadults, cubs, and adults, repsectively, began to decline in a curvilinear manner. 
CX> 
0 
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Figure 3.5. Comparison of survival reduction curves under 4 values of the Ks 
term in the inverted Mechalis-Menton equation, used to describe a 
continuous nonlinear curve. When Ks = 1.0, logistic density effects 
are recovered. 
Mechalis-Menton equation: R=Rmax * (((CC/N)- 1)/((C/N)- 1 + Ks)) 
CC=carrying capacity 
N=number of bears 
From Taylor (1994) 
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Consequently, the density-vague approach was employed in this model: 
its algorithm allows easy calibration to different carrying capacity levels, and it 
allows survival of age classes to be addressed separately. Density-dependent 
population control (Figure 3.6) is achieved by reducing spring-summer survival 
probabilities in a curvilinear fashion (Figure 3.7) as population density exceeds 
thresholds. 
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Three separate thresholds are used: one for each of the cub (<1 year}, 
yearling-subadult (1 year- yearclass of first reproduction}, and adult age-groups. 
This approach simulates increased predation on young bears by adults, and 
reduced nutritional planes and consequent survival of all age classes at densities 
approaching the capacity of the habitat. As population density increases, 
yearling-subadult survival is impacted first. As bear density climbs past a second 
threshold, cub survival begins to decline. Adult survival declines when population 
density climbs past a third threshold. The model raises or lowers all thresholds to 
calibrate the density-dependent reduction in spring-summer survival, allowing the 
population to stabilize near a pre-specified carrying capacity under a wide array 
of vital rates. 
At the beginning of each simulation year, the total number of female bears 
is compared to these 3 threshold levels, which are percentages of a "carrying 
capacity" that was established at the beginning of the simulation. This "carrying 
capacity" is a maximum sustainable population size based upon an 
operator-specified habitat area and a maximum attainable density. The default 
threshold values are: cub - 85%; yearling-subadult- 75%; and adult- 90% of 
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Figure 3.6. Sample population trajectory produced by the female black bear 
population model. The illustrated population growth curve is the 
result of setting litter production to high (80% of breeders producing 
cubs annually), and removing hunting harvests. This curve 
demonstrates the regulation of population size under thresholds 
according to Strong (1986) to control the population at a carrying 
capacity set to 1,000 bears. 
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Figure 3.7. Threshold-based reduction in survival used in female black bear 
simulation model. Survival remains constant until population size 
rises above a threshold level, which in this example is 750 bears. 
As the population continues to increase past this threshold, survival 
is reduced in a curvilinear manner. 
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K. If the year's starting population exceeds a threshold, survival of the 
associated age group (cub, yearling-subadult, or adult) for that simulation year is 
reduced according to the following formula: 
reduced survival = 
survival- (survival X (total pop.- threshold pop.)/threshold pop.) 2 
Different combinations of survival and reproductive parameter values yield 
different population growth rates. Therefore, the initial threshold settings may 
require calibration to achieve zero population growth at a pre-specified "carrying 
capacity". Without such calibration, the simulated population could stabilize 
above or below the intended level. 
At the start of every simulation year cycle, total population size is 
compared to the desired carrying capacity. If the population exceeds the desired 
level by >5%, all 3 threshold values are adjusted downward to 90% of their 
original values. As every subsequent year cycle begins, the population size is 
again compared to the carrying capacity; thresholds are again reduced to 90% of 
their existing values if the population is > 1 05% of the desired level. Any year that 
the population drops below 95% of the desired level, the threshold values are 
increased to 105% of their existing values. This sequential checking and 
re-calibrating of thresholds continues throughout the remainder of the simulation, 
to hold a growing population near the desired carrying capacity. 
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Stochastic Effects 
In simplest form, the model uses mean survival and reproductive 
probabilities to address the life history events of every bear within each age and 
reproductive classification for the duration of a simulation. Stochastic effects can 
be added for 8 reproductive and survival parameters to simulate the influence of 
annual environmental fluctuation on population dynamics. The stochastic 
process generates a new random normal deviate for each life history event for 
each year of the simulation, based upon the probability and associated variance 
for the event specified in an initialization file. The random normal deviate 
replaces the mean survival or reproductive parameter value as the critical value 
(Figure 3.2) in the appropriate life history formula. Stochastic effects may be 
included for: 1) proportion of breeding females (i.e. solitary adults during 
previous breeding season) producing cubs; 2) proportion of youngest potential 
cub-producing yearclass that matures and produces cubs; 3) survival of first 
litters (litters from primaparous females); 4) survival of subsequent litters (from 
experienced females); 5) den survival of bears of all ages; 6) spring-summer 
survival of bears of all ages; 7) proportion of female cubs/litter; and 8) fall 
(Hunting) survival, specified as either hunting survival probability for each 
yearclass, or number of bears harvested in each yearclass. The first six 
parameters are linked by within-year correlations. Physical condition of bears is 
assumed to be linked to environmental conditions, with annual fluctuation in food 
abundance reflected in reproductive and survival rates. Therefore, the model can 
reduce winter and spring-summer survival probabilities immediately following a 
scarcity of fall foods; fall survival is reduced if food is scarce in the present 
season. 
DATA REQUIREMENTS 
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The model requires a list of year-specific data for initialization: number of 
year classes, the starting number of bears per yearclass, their associated 
survival and reproductive values, and annual reported harvests and crippling 
losses (Appendix F). Reproductive values include the proportion of 
cub-producing bears that produce litters of 1, 2, 3, or 4 cubs in size, by 
reproductive experience (initial or subsequent litters); the number of bears in 
each yearclass that are sexually immature, and the number accompanied by 
yearlings; the proportion of litters composed of female cubs; and litter loss rates 
by reproductive experience. Fall food abundance (high, moderate, or low) must 
be specified for each year of the simulation period, to calculate annual cub 
production. The amount of habitat available and the maximum attainable density 
of female bears is also required to provide density-dependent population control 
at carrying capacity. Food level-cub production relationships, litter survival 
rates, and survival-food level relationships are also required. 
PRODUCTS 
The model produces graphical displays of bear numbers and deaths 
during the simulation period, and tabular files of simulation summaries, annual 
parameter values, and ending parameter values. Simulation sessions can be 
automated to replicate runs with identical vital rate settings. 
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MODEL PERFORMANCE 
The model organizes the vital parameters of female black bear 
populations, and synthesizes interrelationships among food supply, reproduction 
and survival to project change in bear numbers. Many individual relationships 
programmed within the model were intuitive, and based upon field data. Others, 
such as density-dependent population control, were based upon theory. The 
model was evaluated by first verifying the accuracy of programming, then 
validating its response by comparing projections with independent measures of 
population size on Maine study areas. Finally, it was initialized with a range of 
vital rates and the ensuing trajectories were examined to provide insight into 
model behavior and to ensure reasonable response. 
The model was verified by hand calculation of programmed algorithms to 
check computations within and among program modules. It was validated by 
comparing simulation results with 4 time series of female population density 
indices, based upon telemetry studies, including 2 time series at Spectacle Pond 
in northern Maine, and 2 in the Bradford area in central Maine. The density 
indices used in the comparisons were derived from home range plots of 
radiocollared female bears, independent of model development. 
Validation 
Validation proceeded by initializing the model with approximate age 
structures for the spring of 1985, calculated from telemetry studies on both 
areas. A 26-yearclass age distribution was used, with reproduction beginning at 
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age 4 and ending at age 22. Mean vital rates recorded during 1986-1989 were 
used in 100 repetitions of 5-year simulations. The mean population trajectory for 
each area was compared with a time series of density indices derived from 
telemetry studies on the 2 areas. This process was repeated for the 1990-1995 
period at Spectacle Pond, and 1990-1996 at Bradford (Figures 3.8, 3.9). 
No stochastic effects were included in the simulations for validation. Fall 
food abundance was set to alternate annually between high and low for both 
areas, with concurrent proportions of breeding females producing cubs as 
measured on each study area (Chapter 2). Long-term litter size frequencies by 
reproductive experience on each area (Chapter 2) were used for these 
I 
simulations. To ease comparisons, indices of bear densities and age structures 
were scaled to a carrying capacity of 1,000 bears (Figures 3.8, 3.9). 
In each of the four comparisons, the model simulated changes in 
population size similar to the changes in density indices of radiocollared female 
bears. At Spectacle Pond, the model projected a strong population decline from 
1985-1990, resulting in a 1990 population just over one-third the size of the1985 
population (Figure 3.8). Telemetry-based density indices also declined markedly 
from 1985-1990. Modeled survival of adults was too low to be offset by 
recruitment, and numbers of adults declined steadily. Alternate-year cub pulses 
began strongly but continually diminished as the number of breeding females 
declined. 
The model correctly projected a moderate population increase at 
Spectacle Pond from 1990-1995, similar to the increase in the density index of 
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Figure 3.8. Comparison of computer simulation projections of female black bear 
population growth during 2 periods: 1985-1990, and 1990-1996, 
with density indices for radiocollared female bears at the Spectacle 
Pond study area. Population simulations were initialized with 
reasonable estimates of age distributions, reproductive and survival 
values for each of the 2 periods. Density indices were obtained by 
plotting the home ranges of radiocollared females and measuring 
their collective density on an area of a composite polygon described 
by the outer boundaries of overlapping individual home ranges. 
The trend in simulated population growth parallels change in the 
density indices. 
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Figure 3.9. Comparison of computer simulation projections of female black bear 
population growth during 2 periods: 1985-1990, and 1990-1996, 
with density indices for radiocollared female bears at the Bradford 
study area. Population simulations were initialized with reasonable 
estimates of age distributions, ·reproductive and survival values for 
each of the 2 periods. Density indices were obtained by plotting the 
home ranges of radiocollared females and measuring their 
collective density on an area of a composite polygon described by 
the outer boundaries of overlapping individual home ranges. The 
trend in simulated population growth parallels change in the density 
indices. 
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radiocollared females calculated for the area over that period. Substantial 
fluctuation in population size, through alternate-year cub pulses following high 
fall food abundance, was evident in the projections. The sustained growth in 
modeled population size during 1990-1996 was due to increased survival of 
subadults. Cub production fluctuated constantly and steadily, and numbers of 
adults remained stable until late in the 6-year period, then began to increase as 
subadults were recruited to adults as 4 year-olds. 
At Bradford, the model projected a rather stable population from 
1985-1990, with little or no positive growth (Figure 3.8). Telemetry-based density 
indices fluctuated by nearly 20% between 1989-1990, but no strong trend was 
evident for the 6-year period. For the 1990-1995 period, the model projected a 
slow but steady population decline. Projection of the adult ageclass mirrored this 
decline; survival was not quite high enough to maintain the reproducing cohort, 
and cub production began to decline at the end of the period. These declines 
were not apparent in the telemetry-based density indices for the study area, 
perhaps due to the inherent coarseness of the method used (Chapter 2, 
Appendix C). 
These simulations could only serve to validate model performance in a 
general sense, as the beginning age structures used in them were 
approximations based upon age distributions of samples of radiocollared 
females and their offspring. Biases in the starting age distributions may have 
influenced projections. However, the trend in numbers based on the simulations 
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compared well to independent density indices over all 4 comparisons, under the 
range of vital rates recorded on both study areas. 
Verification 
Although it could provide insight about bear population response under a 
range of conditions, the model was constructed to improve understanding of the 
relationships between nutritional planes and population growth, and the 
response of female bear populations to harvesting pressures. Consequently, the 
initial sensitivity analysis focused on observing the growth of modeled 
populations under different nutritional planes, and under several simulated 
harvest levels. 
Starting Age Distribution. A hypothetical starting population was required 
to evaluate model response. I was interested in observing population responses 
well below carrying capacity, where the model's density-dependent function was 
not limiting survival. Carrying capacity was arbitrarily set at 1 ,000 bears, and the 
starting population size was set at half that level, or about 500 bears. The 
starting age distribution was obtained by initializing a 1 00-year simulation using 
yearclass frequency estimates from Spectacle Pond in 1985, and setting carrying 
capacity at 500 bears. Survival and reproductive values used to generate the 
starting 26-yearclass array were based upon empirical data from the Spectacle 
Pond area (Chapter 2, Appendix F). Fall survival was set at 1.0 to remove 
hunting harvests, and a high food plane (representing 82% of breeding females 
producing cubs each year) (Appendix F) to ensure positive population growth. No 
stochastic effects were incorporated. All simulations generated long-term 
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equilibrium populations within the 1 00-year period. Ending age structures of 1 00 
replications of the 4 simulations were averaged to produce starting age 
distributions for simulations to assess the influence of nutritional planes on 
population growth (Appendix G). 
Nutritional Planes. Population growth was simulated under 4 litter 
production values (proportion of breeding females that produced cubs) which 
represented 4 levels of fall food abundance (Table 3.1 ). Three of these 
associations (High, Low, and High-Low Alternating) are based upon empirical 
data collected at Spectacle Pond (Chapter 2). The Moderate association, in 
which 64% of breeding females produced cubs, was included to assess model 
response using a value approximating the mean proportion of breeding females 
pmducing cubs per year based on several years of fluctuating food abundance. 
Survival was set to levels measured at Spectacle Pond levels during 1986-1989 
(Appendix G, Chapter 2), with no harvests or stochastic effects. 
Simulation trajectories, consisting of plots of annual (winter) population 
size, and adult and cub cohorts, were consolidated as mean trajectories 
representing the average number of bears per year obtained under 1 00 
repetitions of a simulation setting. Average population growth (r) was calculated 
from the mean trajectories during the positive growth phase, prior to the 
population reaching the asymptote associated with carrying capacity. Their t10-so 
values (Ricklefs 1973) were also computed to provide an additional measure of 
population growth. The t1o-so values are estimates of the length of time that 
populations growing at exponential rate require to grow from 1 0% to 90% of their 
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stable long-term equilibriums (Ricklefs 1973). They provided additional measures 
of population growth, and were compared to the plotted population growth curves 
to ensure that the mean r values adequately described population responses, 
given the nonlinear effects on reproduction and survival incorporated in the 
model. No biases were found, and therefore r is reported in this paper. 
One hundred repetitions of 1 00-year simulations were run under each of 
the 4 litter production settings (food planes). Mean population growth curves 
(Figure 3.1 Oa) were quite similar under High (r=0.13} and Moderate (r=0.09} food 
planes, with the population stabilizing close to the 1 ,000-bear carrying capacity 
(Table 3.2}. Under the alternating High-Low nutritional plane, population growth 
was similarly rapid (r=0.11) but irregular (Table 3.2). After reaching K, wide and 
constant fluctuation in population size occurred, alternating from 700 to near 
1 ,000 bears between years, driven by the fluctuation in annual cub crops. Under 
the Low nutritional plane, population growth was very slow (r=0.01 }, and 
populations required about 81 years to reach a long term equilibrium (Figure 
3.10a}. 
The adult (yearclass 4-25) and cub cohorts revealed a similar pattern of 
population growth among the nutritional planes. Under Moderate food, adult 
numbers stabilized at just over half of total population size, or about 1 00 bears 
higher than under High food conditions (Figure 3.1 Ob}. This was due to greater 
numbers of cubs entering the population each year of the population's growth 
phase under the High food plane. The same-sized population under Moderate 
food was maintained through a larger cohort of reproducing adults, producing 
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Figure 3.1 0. Trends in simulated female black bear populations based on 4 
levels of litter production. 
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Table 3.2. Growth parameters of simulated populations of female bears, under 4 levels of litter production 
representing 4 levels of fall food supply, with K set at 1,000 bears. 
Percent Breeders Long Term Equilibrium STD of Long Term Population Doubling 
wllitters (Food Level) Starting Population• Approximate rb Level Equilibrium Level t1o-oo (Years)c Time (Years) 
82% (High) 478 0.13 975 74.0 17.4 5.5 
64% (Moderate) 448 0.09 980 63.7 23.5 7.4 
15% (low) 377 0.01 892 33.8 154.8 48.8 
82-15% (Alt. Hi-Lo) 377 0.11 847 107.5 20.3 6.4 
• - Starting Population was based upon the mean ending age distribution of 100 repetitions of a 1 00-year simulation, with carrying capacity set at 500 female bears, and high litter 
production. Starting population sizes varies because cubs are calculated at start of simulation, and litter production level is based upon the food plane of the previous fall. 
b - Approximate r is calculated from the average trajectory during the growth phase, prior to the population reaching the asymptote. 
c - t1o-9o: The time in years required for the population to grow from 10% to 90% of its associated long-term equilibrium level. 
-L 
0 
01 
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lower numbers of cubs each year (Figure 3.1 Oc). The wide fluctuation in 
population numbers at long term equilibrium under Alternating food levels was 
driven by the extreme variation in size of cub cohorts. Under Alternating food, 
cubs constituted 38% of the population when food was High; they comprised 
less than 5% in years following Low food. Under the Low food plane, the cub 
cohort constituted about 10% of the population throughout the simulation period. 
Reproductive synchrony, produced by the interaction of two-year 
reproductive cycles of female bears and alternate-year food shortages, appeared 
to offset much of the influence of temporary (1-year) reductions in cub production 
(Table 3.2). The growth rate of modeled populations on Alternating food (r=0.11) 
was slightly higher than to that of populations on Moderate food (r=0.09). 
Harvesting. Starting age distributions for examining the effects of 
harvesting on population growth were created from the mean ending population 
age structures of the 1 00-year simulations used to evaluate food influences in 
the above section (Figure 3.1 Oa). These populations, which were at steady 
states near K (set at 1 ,000) under the 4 litter production levels (proportion of 
breeding females producing litters), were subjected to simulated harvests of 
increasing levels by decreasing hunting season survival of all year classes > 1 in 
5% increments. This was a simple exercise to examine how populations living on 
the 4 food planes reacted as survival declined. For most age classes of Maine 
bears, the majority of mortality occurs during the fall hunting period, so their 
annual survival was approximately the same as survival during the hunting 
period (Chapter 2, Appendix A). 
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Under all food levels, population growth was sensitive to changing survival 
rates; all experienced steady, long-term declines when hunting period survival of 
yearling and older bears declined to 0.85 (Figures 3.11 - 3.14). Population 
trajectories approached 0 within 50 years regardless of litter production level 
when hunting period survival was reduced to 0.80. 
Populations on the High food plane (82% of breeding females producing 
litters) did not decline noticeably until survival dropped below 0.90 (Figure 3.11 ), 
as a consequence of compensatory losses under the density-dependent 
function. The model subtracts hunting losses in fall, just prior to annual 
assessment of population size relative to carrying capacity (K). Near K, greater 
losses to hunting would reduce winter population size, and therefore, the 
reduction in survival during the subsequent spring-summer period would not be 
as severe as in unharvested or lighter-harvested populations. Consequently, at 
high densities, hunting mortality offset spring-summer losses in a compensatory 
fashion. 
Under the moderate food plane, populations stabilized at about 90% of 
pre-harvest levels under a hunting period survival of 0.90 (Figure 3.12). The low 
food plane trajectories declined sharply toward extinction when hunting period 
survival was reduced to even 0.95, suggesting populations with these 
characteristics would be extremely sensitive to harvesting pressures (Figure 
3.13). The trajectory of populations given a High-Low alternating food plane 
almost matched the High food plane trajectory response; no noticeable reduction 
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Figure 3.11. Trends in simulated female black bear populations living on a high 
food plane, as expressed by high litter production (82% of 
breeding females producing cubs annually) subjected to 6 levels of 
harvesting. The indicated survival rates are for the 3-month fall 
hunting periods. Hunting mortality was applied to yearclass 1-25. 
For most year classes, this season survival rate approximates 
annual survival, as survival during winter and spring-summer 
intervals was very close to 1.0. a: total population, b: adult cohort 
(4-25 years}, c: cub cohort (newborn cubs) 
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Figure 3.12. Trends in simulated female black bear populations living on a 
moderate food plane, as expressed by moderate litter 
production (64% of breeding females producing cubs annually) 
subjected to 6 levels of harvesting. The indicated survival rates 
are for the 3-month fall hunting periods. Hunting mortality was 
applied to yearclass 1-25. For most year classes, this season 
survival rate approximates annual survival, as survival during 
winter and spring-summer intervals was very close to 1 .0. a: total 
population, b: adult cohort (4-25 years), c: cub cohort (newborn 
cubs) 
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Figure 3.13. Trends in simulated female black bear populations living on a low 
food plane, as expressed by low litter production (15% of 
breeding females producing cubs annually) subjected to 6 levels of 
harvesting. The indicated survival rates are for the 3-month fall 
hunting periods. Hunting mortality was applied to yearclass 1-25. 
For most year classes, this season survival rate approximates 
annual survival, as survival during winter and spring-summer 
intervals was very close to 1.0. a: total population, b: adult cohort 
(4-25 years}, c: cub cohort (newborn cubs) 
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Figure 3.14. Trends in simulated female black bear populations living on an 
alternating high-low food plane, as expressed by alternating 
high-low litter production (82%-15% of breeding females 
producing cubs annually) subjected to 6 levels of harvesting. The 
indicated survival rates are for the 3-month fall hunting periods. 
Hunting mortality was applied to yearclass 1-25. For most year 
classes, this season survival rate approximates annual survival, as 
survival during winter and spring-summer intervals was very close 
to 1.0. a: total population, b: adult cohort (4-25 years), c: cub 
cohort (newborn cubs) 
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in equilibrium level was evident until hunting period survival declined below 0.90 
(Figure 3.14). 
SUMMARY 
Initial review of model behavior revealed population responses that were 
reasonable and intuitive under most food planes and associated reproductive 
responses. Population growth declined with nutritional level as the proportion of 
breeding females that produced cubs declined. Population response under 
harvesting was also predictable, with sharper population declines as food planes 
and hunting period survival declined. 
The modeled populations living on an Alternating high-low food plane 
demonstrated wide fluctuation in cub cohort size resulting from reproductive 
synchrony, which was reflected in year-to-year fluctuations in subsequent 
yearclass frequencies and total population size. Despite the unstable nature of 
age distributions under Alternating food planes, these populations retained 
demographic vigor similar to populations maintained at a Moderate or "average" 
food plane. Population growth rate under Alternating food was slightly higher 
than under a Moderate nutritional plane. Further, the populations maintained on 
Alternating food declined under harvesting at a rate similar to those on a 
Moderate food plane. 
These simulation results suggest that the multi-year reproductive 
schedules of bears may act as a buffer and enhance population resiliency to 
catastrophic events that cause excessive mortality, such as an annual food 
supply failure. Under simulated reproductive synchrony, the extremely large cub 
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cohorts produced on alternate years, provided by a population with a large 
component of reproductive-aged females, compensated numerically for the loss 
of the previous year's cub cohort. The simulations under low litter production 
rates (low proportion of available breeders producing cubs) suggest that 
long-term loss or reduction in cub production would reduce a population's ability 
to withstand mortality from any cause without decline, especially if survival of the 
adult female segment of the population declined, as under a harvesting program 
or through increased conflicts with other land uses. 
This cursory evaluation of the model's performance demonstrates its 
usefulness in understanding the manner in which female bear populations may 
respond under various combinations of vital rates. More detailed simulation 
analysis is needed to explore the relationships between nutritionally-based 
changes in reproduction and population responses, and to better understand the 
impacts of harvesting female bear populations under various nutritional planes. 
Chapter 4 will address the influence of several life history parameters 
associated with nutritional plane on population growth. The range of values of 
several life history parameters reported for black bears across North America will 
provide a base of variability for assessing the sensitivity of population growth to 
changes in individual parameter values, including age of first reproduction, 
proportion of breeders producing litters, litter size, litter survival, and survival of 
cubs, yearlings, subadults and adult bears. These comparisons will provide a 
framework for evaluating the potential growth of female bear populations with 
vital rates based on data collected in Maine study areas. 
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Chapter 5 will address the influence of hunting harvests on the growth of 
female black bear populations living on high, moderate, low, and fluctuating 
nutritional planes. This chapter will review the empirical data collected in Maine 
on the vital rates of female black bears, and compare age distributions of harvest 
and nonharvest mortality. Simulations of incremental changes in harvest 
mortality will be used to examine the effects of harvest on population growth rate. 
Trends in the size and age distributions of populations and harvests will be 
inspected for patterns that indicate the direction and severity of population 
change. 
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CHAPTER4 
EFFECTS OF FOOD ABUNDANCE ON FEMALE BLACK BEAR POPULATION 
GROWTH 
INTRODUCTION 
Black bears are omnivores, but most of their diet is vegetable matter 
(Rogers 1976, Hugie 1982, Pelton 1982, Lamb 1983, Caron and Mclaughlin 
1985}. Their reproductive planes vary regionally across North America, with 
bears in eastern populations attaining full stature and sexual maturity earlier in 
life and producing larger litters than those in western and northern populations 
(Reynolds 1977, Eiler 1981, LeCount 1984, Elowe 1987, Miller 1987, 1994, 
Rogers 1987, Alt 1989, Kolenosky 1990}. In New England, black bears rely on 
food supplies that fluctuate in abundance, influencing their reproductive success 
and recruitment (Eiowe and Dodge 1989, Hugie 1982, Mclaughlin et al. 1994, 
Chapter 2}. Nuts of the American beech (Fagus grandifolia} are the primary fall 
food of bears in the forests of northern Maine (Hugie 1982, Caron and 
Mclaughlin 1985}, where they are the only common source of hard mast. 
Beechnut abundance has fluctuated strongly within the region since 1982, with a 
pattern of alternate-year scarcity occurring on odd-numbered years (Schooley 
1990, Mclaughlin et al. 1994, Chapter 2}. 
An important aspect of black bear reproduction is associated with the 
alternate-year cycle of beechnut crop failures in northern Maine: cub production 
is synchronized on alternate years, as most females are lighter weight and fail to 
produce litters in winters following beechnut scarcity (McLaughlin et al. 1994, 
Chapter 2). 
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The future of beech as a component of northern Maine's bear habitat is 
uncertain, for trends in timber markets may promote increased harvesting of 
beech trees (Salter and Veltkamp 1987), and the structure of Maine's forests is 
favorable for an outbreak of beech bark disease capable of causing widespread 
mortality of trees (Houston 1975). Beech trees do not produce nuts until 
reaching 40 years of age (Fowells 1965). Consequently, widespread loss of 
beech from northern Maine's forests may have long-term consequences for 
black bears and other wifdlife. 
Greater knowledge of the effects of food abundance on the demographics 
of female black bear populations will improve efforts to manage bear habitat and 
refine bear harvesting programs. This paper employs an individual-based 
computer model (Chapter 3) and data collected from long-term field studies on 3 
Maine sites (Chapter 2) to simulate the dynamics of female black bear 
populations living on several nutritional planes, and provide insight for future 
management. It focuses on life history parameters measured during the field 
study, to assess the nature and strength of relationships between fluctuating 
food abundance and population growth. The model provides a means to 
evaluate the relationship of individual life history parameters to population growth 
through systematic adjustments (Emlen and Pikitch 1989). That is, it asks how, 
if the assumptions of the model are true, do changes in food abundance affect 
population growth. Comparisons of simulations based on life history parameter 
measurements from the 3 Maine study sites were used to assess the growth 
potential of bear populations living on similar nutritional planes. 
METHODS 
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Reproduction and survival of female black bears were measured during 
1982-1996 on 3 study sites in Maine (Chapter 2). Bears living at the Spectacle 
Pond area in northern Maine experienced alternate-year scarcity of beechnuts, 
their primary fall food. Bears at Stacyville in north-central Maine, and at Bradford 
in central Maine, had more diverse and stable food supplies. At Stacyville, 
beechnuts were supplemented by agricultural crops and acorns (Quercus spp.), 
and bears at Bradford had access to acorns, apples, and grain crops, but beech 
trees were uncommon. At Spectacle Pond, females synchronized their 2-year 
reproductive cycles, with a high proportion producing litters following 
alternate-year beechnut crops (McLaughlin et al. 1994, Chapter 2). The majority 
of breeding female bears at Stacyville and Bradford produced cubs each year. 
Age of first reproduction ranged between 4 and 6 years, with females at 
Spectacle Pond showing a wider maturation range (McLaughlin et al. 1994, 
Chapter 2). Litter size remained very consistent across all areas, averaging 2 
cubs in initial litters and 2.5 cubs in subsequent litters (McLaughlin et al. 1994, 
Chapter 2). Litter survival was variable among areas, ranging from 50-80%, 
with subsequent litters having a higher probability of surviving than initial litters 
(McLaughlin et al. 1994, Chapter 2). 
Cub survival was calculated annually, through in-den counts of cubs and 
yearlings. Survival of cubs fluctuated widely over the study period, but mean 
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values were similar among areas. Survival of yearlings and older bears was 
estimated by mortality factor on a seasonal basis (Appendix A). Starvation and 
predation by larger bears were the primary mortality factors for yearlings, 
occurring during the spring-summer period. Once bears attained 2 years of age, 
hunting became the primary cause of death, and most mortality of subadults and 
adults occurred during the fall hunting period. , Few study animals died of other 
conflicts with man's activities, such as collisions with automobiles (n=1) or from 
animal damage control efforts (n=O). 
An individual-based computer model (Chapter 3) was used in the 
simulations. The model was an expanded Leslie matrix design, and provided a 
detailed account of the life history of female black bears by stepping through an 
annual cycle of events. Within each year, cub production was calculated first, 
then winter deaths were subtracted, followed by spring-summer deaths and 
finally fall hunting mortality. The model required an initial age distribution, 
reproductive schedule, a matrix of litter-sizes, litter survival, and yearclass 
survival probabilities for 3 seasons (winter, spring-summer, and fall). Litter 
production (the proportion of breeding females producing litters) and 
spring-summer survival could be related to fall food supply (High, Moderate, and 
Low). Population size was limited following a density-vague approach (Strong 
1986), through nonlinear reduction in spring-summer survival as populations 
approached carrying capacity (Chapter 3). Stochastic effects were incorporated 
for several reproductive and survival parameters. The stochastic process 
generated a new random normal deviate for each life history event for each 
simulation year, which replaced the mean life history parameter value in the 
appropriate life history formula. The use of random normal deviates allowed 
simulation of the influence of annual environmental fluctuation on population 
dynamics under the assumption that fluctuations in food abundance were 
reflected in reproductive and survival parameter values. The model produced 
trajectories of populations and mortality, and age-specific parameters. 
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To develop a baseline population response for comparing population 
growth under different reproductive and survival parameter settings, the model 
was initialized with a set of vital rates measured at Spectacle Pond in northern 
Maine during 1990-96 (Table 4.1 ). Fall survival was set to 1.0 to remove the 
influence of hunting harvests on simulations. Although cubs are legally hunted in 
Maine, few of them are harvested (Chapter 2), and the annual survival values 
used in the simulations should not have significantly altered results. The 
probability that bears in the youngest reproductive yearclass would produce 
litters was set to 0.5 under High food conditions, 0.25 under Moderate food, and 
was 0.0 when food was Low. 
Carrying capacity was set at 1 ,000 bears with the starting population set 
at half that level, or about 500 bears (Chapter 3). The model calculates the 
starting number of cubs from the age distribution of breeding females, based 
upon programmed litter production rates linked to food conditions. Therefore, 
actual starting population size varied slightly among simulations using different 
Table 4.1. Initial age distributions and survival values used in female bear population simulations to explore 
efforts of food supply on population growth. 
Number of Number of 
Females Number of Potential Cub 
accompanied by Pre-Productive Producing Spring-Summer Fall (Hunt) 
Year Class 
.!l Yearlings Females Females Survival STD Survival STD Winter Survival STD 
0 0 0 0 0 0.58 0.10 1.00 0.00 1.00 0.00 
65 0 65 0 0.86 0.07 1.00 0.00 1.00 0.00 
2 41 0 41 0 0.94 0.04 1.00 0.00 0.96 0.03 
3 29 0 29 0 0.94 0.04 1.00 0.00 0.96 0.03 
4 19 0 19 19 1.00 0.00 1.00 0.00 1.00 0.00 
5 18 4 11 14 1.00 0.00 1.00 0.00 1.00 0.00 
6 16 7 2 9 1.00 0.00 1.00 0.00 1.00 0.00 
7 16 6 0 10 1.00 0.00 1.00 0.00 1.00 0.00 
8 14 6 0 8 1.00 0.00 1.00 0.00 1.00 0.00 
9 15 6 0 9 1.00 0.00 1.00 0.00 1.00 0.00 
10 12 5 0 7 1.00 0.00 1.00 0.00 1.00 0.00 
11 11 5 0 6 1.00 0.00 1.00 0.00 1.00 0.00 
12 11 4 0 7 1.00 0.00 1.00 0.00 1.00 0.00 
13 11 4 0 7 1.00 0.00 1.00 0.00 1.00 0.00 
14 9 4 0 5 1.00 0.00 1.00 0.00 1.00 0.00 
15 9 4 0 5 1.00 0.00 1.00 0.00 1.00 0.00 
16 9 4 0 5 1.00 0.00 1.00 0.00 1.00 0.00 
17 8 3 0 5 1.00 0.00 1.00 0.00 1.00 0.00 
18 7 3 0 4 1.00 0.00 1.00 0.00 1.00 0.00 
19 7 3 0 4 1.00 0.00 1.00 0.00 1.00 0.00 
20 6 3 0 3 1.00 0.00 1.00 0.00 1.00 0.00 
21 6 3 0 3 1.00 0.00 1.00 0.00 1.00 0.00 
22 5 2 0 3 1.00 0.00 1.00 0.00 1.0(} 0.00 
23 5 2 0 0 0.75 0.01 1.00 0.00 1.00 0.00 
24 4 0 0 0 0.50 0.01 1.00 0.00 1.00 0.00 
25 2 0 0 0 0.00 0.00 1.00 0.00 1.00 0.00 
_.. 
Ul 
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nutritional planes. The starting age distribution was a stable age distribution 
generated as the mean from earlier 1 00-year simulations using year-class 
frequency estimates from Spectacle Pond in 1985, and setting carrying capacity 
at 500 bears. No stochastic effects were incorporated for these simulations. 
Instead, mean probabilities of life history events were used to minimize variance 
in projections. -
I assessed the sensitivity of population growth (r) to several reproductive 
and survival parameters: proportion of breeding females producing litters (litter 
production), age of first litter production, litter size, litter survival, cub survival, 
yearling spring-summer survival, subadult spring-summer survival, and adult 
spring-summer survival. This was accomplished by running 50-year simulations 
(1 00 repetitions each) at each set of vital rates, then systematically changing the 
value of the parameter of interest, while holding the remaining vital rates 
constant. A mean population trajectory and variance was calculated from the 
100 repetitions of each simulation setting (Figure 4.1 a). This mean trajectory 
was used to estimate the exponential growth rate (r) during the growth phase, 
prior to the population coming under the influence of density-dependent survival 
reduction near carrying capacity. Two additional measures of population growth 
were also computed for comparison: the t10-oo value, and population doubling 
time. The t10-oo value is an estimate of the length of time that a population 
growing at exponential rate requires to grow from 10% to 90% of its stable 
long-term equilibrium (Ricklefs 1973). The t10-so value provided a check on 
population growth rate (r), through visual checks of the time required for 
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Figure 4.1. Trends in the growth of simulated female black bear populations, 
including adult ~4 years) and cub cohorts, under 6 different litter 
production levels. Litter production was defined as the proportion of 
breeding females producing litters annually, and was held static 
throughout the simulation periods. Trend lines represent the mean 
response of 1 00 repetitions with the same vital rate settings. 
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populations to stabilize at carrying capacity on plots of population growth. It was 
calculated as a method of integrating the nonlinear effects (i.e. litter production, 
survival) into a single index of population growth, regardless of the shape of the 
growth curve (Ricklefs 1973). No biases were noted between rand the t10-9o 
value. Therefore, the results were summarized using r as a reasonable 
approximation of growth rate. 
To provide meaningful comparisons of population response (r) to life 
history parameters which were measured in different units (i.e. litter size, age of 
first reproduction, survival}, the range of values used in comparisons were 
bounded by the approximate upper and lower quartiles of values reported from 
studied black bear populations across North America (Bunnell and Tait 1981, Alt 
1989, Garshelis 1994, Kasbohm 1994, Godfrey 1997, Higgins 1997). This 
approach provided relatively consistent ranges of parameter values for 
inspection of response in population growth rate. The endpoints of the 
interquartile ranges were reasonable approximations of the range of values 
encountered in most black bear populations under study. The quantity and 
quality of published data varied among parameters. Some parameters (age of 
first reproduction, litter size, cub survival) have been measured using identical 
methodology in a large number of studies. Others, specifically proportion of 
breeding females producing cubs, litter survival, and seas.onal survival of 
yearlings, subadults and adults, have been recorded in few studies, and only 
with small samples, or are measured using different methodologies. The 
interquartile ranges reported in this paper (Table 4.2} represent the best 
estimates obtained from published literature. 
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The relationship between litter production (proportion of breeding females 
producing litters) and population growth was explored by varying litter production 
across the interquartile range (0.15 - 0.90} (Table 4.2). Litter production rates 
varied consistently in alternate years at Spectacle Pond, and additional 
simulations were run to investigate the influence of alternate-year litter 
production on population growth under 3 levels of intensity (0.82-0.15; 0.75-
0.25; and 0.60- 0.40)(Table 4.3). 
To examine the relationship between age of maturation on population 
growth, age of first litter production was adjusted over 3-6 years (Table 4.2). 
Litter size matrices were adjusted in 0.5 --cub increments (mean litter size) over 
3 levels, from a low of 1.5 cubs per initial litter and 2.0 cubs per subsequent 
litter, to 2.5 cubs per initial litter and 3.0 cubs per subsequent litter (Table 4.2). 
Survival of litters (at least 1 cub surviving through 1 year of age) was set at 3 
levels: Low (0.25 initial: 0.5 subsequent litters); Moderate (0.57 initial: 0.89 
subsequent litters), and High (0.75 initial: 1.0 subsequent litters). Annual cub 
survival, and spring-summer survival of yearlings, subadults, and adults were 
adjusted in 0.05 increments (Table 4.2). 
To assess the potential growth rates of female bear populations on the 3 
Maine study sites, simulations were initialized with the same hypothetical starting 
age distribution as those used in assessing individual life history parameters, but 
vital rates were changed to values measured on the respective study areas. Fall 
Table 4.2. Relationship between interquartile variation in selected life history parameter values of female black 
bears and population growth (r). -
Life History Parameter 
Litter Productiona 
Age of First Reproduction 
Litter Size 
Litter Survival 
Cub Survival 
Yearling Spring-Summer Survival 
Subadult Spring-Summer Survival 
Adult Spring-Summer Survival 
lnterquartile Range - Approximate 
Upper and Lower Quartiles of 
parameter value, based upon 
published studiesb 
0.15-0.90 
3-6 years 
1.5/2.0 - 2.5/3.0 
0.25/0.50 - 0. 75/1.0 
0.45- 0.85 
0.65-0.95 
0.80- 1.0 
0.90- 1.0 
Change in population growth (r) 
resulting from varying parameter 
across lnterquartile Range 
0.15 
0.04 
0.03 
0.03 
0.06 
0.04 
0.04 
0.08 
a- Litter Production is the proportion of breeding females that give birth the following winter. 
b- Studies summarized by Alt 1989, Kasbohm 1994, Higgins 1997, and additional records from Godfrey 1997, Bunnell 
and Tait 1981, Mclaughlin 1998 (Chapter 2). 
.... 
U) 
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Table 4.3. Growth parameters of simulated population of female bears under several percentages of 
breeding females producing litters, with carrying capacity set at 1 ,000. 
Percent of 
Breeding Females Long Term Population 
giving Birth Starting Equilibrium Doubling Time 
(Hiah-Low Food) Pop. a Approximate rb Level STDC t1 0-90_l_Yeats )d (Years) 
VHigh (90%) 494 0.16 972 77.54 13.6 4.3 
High (82%) 478 0.13 975 73.97 17.4 5.5 
MH (64%) 448 0.11 980 63.71 23.5 6.3 
Mod (50%) 429 0.09 983 58.29 23.5 7.4 
ML (35%) 406 0.07 986 48.97 30.2 9.5 
Low (15%) 377 0.01 892 33.75 154.8 48.8 
Alt. {82-15%) 377 0.11 847 107.49 20.3 6.4 
Alt. {75-25%) 390 0.12 872 100.89 17.6 5.6 
Alt. ( 60-40%) 411 0.09 940 79.20 22.7 7.2 
a- Starting Population: Based upon mean ending age structure at K=500, 100 reps under high food plane. Starting 
population size varies because cubs are calculated at start of simulation, based upon food plane. 
b - Approximate r: mean r from average trajectory during growth phase, prior to reaching asymptote. 
c - STD: Standard deviation of population trajectories after attaining long term equilibrium. 
d - t1 0-90: Time in years for the population to grow from 1 0% to 90% of long-term equilibrium level. 
~ 
w 
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survival was set at 1.0 to remove the influence of harvesting on population 
growth. Stochastic effects were included on life history parameters to simulate 
the influence of annual environmental fluctuation on population dynamics. 
RESULTS 
Model Response to Adjustments in Individual Life History Parameters 
Population growth (r) was not particularly sensitive to any of the individual 
reproductive and survival parameters examined except litter production (Table 
4.2). The largest observed change in r (0.15) occurred across the interquartile 
range of litter production (proportion of breeders producing litters) (Table 4.2). 
Litter size and litter survival appeared to have least influence on 
population growth, as adjustments to each across their inter-quartile ranges 
resulted in a change in r of 0.03 (Table 4.2). A slightly larger change in r (0.04) 
resulted from varying the age of first reproduction, yearling spring-summer 
survival, and subadult spring-summer survival across their respective 
interquartile ranges (Table 4.2, column 5). Growth rate was moderately 
responsive across the interquartile range of adult survival (change in r=0.08) and 
cub survival (change in r=0.06). 
Closer examination of the change in population growth with changing litter 
production revealed a trend of increasing decline in r as litter production dropped 
below 0.50 ( Figure 4.1 a, Table 4.3). As litter production declined from 0.35 to 
0.15, r declined by 0.06, and the t10-9o and population doubling time lengthened 
5-fold (Table 4.2). Alternate-year high-low litter production generated slightly 
higher r values than were achieved by simulations based on the average of their 
respective high and low values (Figure 4.2 a, Table 4.3), and produced 
population trajectories with wider variance (Table 4.3). 
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Growth rate was inversely related to litter survival, and fairly insensitive 
across the interquartile range (Table 4.2). Growth rate actually increased by 
0.03 at lowest litter survival values (0.25 initiallitters/0.50 subsequent litters), as 
high litter mortality retained many adult females as breeders in each simulation 
year. 
Evaluation of Maine Data 
Hypothetical populations initialized with the vital rates measured on the 3 
Maine study sites during 1990-1996 (Table 4.4) grew at similar rates (Table 4.5, 
Figure 4.3a). The population based upon Spectacle Pond rates had the same 
growth rate as the Bradford-based simulation (r=0.13), but the mean population 
trajectory began at a lower level than the Bradford-based simulation, and 
remained lower throughout the 6-year growth phase and subsequent stabilization 
at carrying capacity (Figure 4.3a). 
DISCUSSION 
Simulated changes in most parameter values over the interquartile range 
for black bears produced only modest changes in population growth rate. These 
outcomes suggest that female bear populations are rather insensitive to 
perturbations of individual life history parameters. This lack of sensitivity reflects 
the life history characteristics of black bears, and follows the trend that Emlen 
and Pikitch (1989) reported between vital rates and population change in large 
mammals. The species has high survival, long life expectancy, and a low annual 
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Figure 4.2. Trends in the growth of simulated female black bear populations, 
including adult ~4 years) and cub cohorts, under 3 different levels 
of alternate-year high-low litter production. Litter production was 
defined as the proportion of breeding females producing litters 
annually, and was held static throughout the simulation periods. 
Trend lines represent the mean response of 1 00 repetitions with the 
same vital rate settings. Greater variance in litter production 
resulted in greater variance in population growth. 
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Table 4.4. Reproductive and survival parameter values from 3 Maine 
black bear study areas, 1990-1996 used in simulation 
exercises to compare potential population growth. 
Study Area 
SRectacle Pond Stacyville Bradford 
Proportion of Breeding 
Females with Litters Alternating 82%-15% 75% 89% 
4 years (34%) 
Age of First Litter Production 6 years (44%) 5 years (55%) 4 years (53%) 
2.071nitlal 1.91 Initial 1.82 Initial 
Litter Size 2.53 Subsequent 2.53 Subsequent 2.45 Subsequent 
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0.15/0.66/0.17/0.02 Initial 0.18/0.73/0.09/0.00 Initial 0.24/0.70/0.06/0.00 Initial 
0.10/0.34/0.49/0.07 0.03/0.43/0.50/0.03 0.09/0.45/0.39/0.07 
Proportion 1/2/3/4-cub litters Subsequent Subsequent Subsequent 
0.57 Initial 0.80 Initial 0.50 Initial 
Litter Survival 0.89 Subsequent 1.00 Subsequent 0.77 Subsequent 
Cub Survival (Annual) 0.65 (0.10) 0.74 (0.10) 0.61 (0.10) 
Yearling Survival 
Winter 1.0 1.0 1.0 
Spring-Summer 0.92 (0.043) 0.82 (0.117) 0.95 (0.035) 
Fall 1.0 1.0 1.0 
Annual 0.92 0.82 0.95 
Subadult Survival (2-3 years) 
Winter 1.0 1.0 1.0 
Spring-Summer 1.0 1.0 1.0 
Fall 1.0 1.0 1.0 
Annual 1.0 1.0 1.0 
Adult Survival (4-25 years) 
Winter 1.0 1.0 1.0 
Spring-Summer .98 (0.013) 1.0 1.0 
Fall 1.0 1.0 1.0 
Annual 0.98 1.0 1.0 
Table 4.5. Growth parameters of simulated populations of female black bears using life history parameters 
measured on 3 Maine study sites. 
Mean STD Long Term STD of Long Population 
Starting during Years Equilibrium Term Equilibrium t10-90 Doubling Time 
Studv Area Pop.8 Approximate rb 1-sc Level Level (Years)d (Years) 
Spectacle Pond-L e 376 0.13 24.83 839 140.55 17.5 5.5 
Stacyville 463 0.16 27.17 973 78.97 14.1 4.4 
Bradford 478 0.13 27.83 963 92.59 16.5 5.2 
Spectacle Pond-H 478 0.18 25.67 833 134.45 12.3 3.9 
a_ Starting Population: Based upon mean ending age structure at K=500, 100 reps under high litter production (82% of breeders producing litters). 
Starting population sizes varies because cubs are calculated at the start of eacli simulation, with litter production based upon food plane. 
b_ Approximate r: Mean r from the average trajectory during the population's growth phase, prior to reaching asymptote and coming under the 
influence of density-dependent regulation. 
c_ STD: Standard deviation of population trajectories after attaining long term equilibrium. 
d_ t1 0-90: Time in years for the population to grow from 10% to 90% of long-term equilibrium. 
e_ Spectacle Pond runs were based on alternating high-low litter production with: (L) low litter production initial year, and (H) high litter production 
initial year. The different growth parameters reflect the different age distributions produced at the outset of the simulation, due to different 
numbers of cubs produced in year 0. 
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Figure 4.3. Simulated trends in the growth of female black bear populations 
based upon life history parameter measurements from 3 Maine 
study areas, 1990-1996. Trend lines represent the mean response 
of 100 repetitions. a: total population, b: adult cohort (~4 years), c: 
cubs (newborns) 
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reproductive capacity maintained over many years of adulthood. Their 
reproductive history includes a period of delayed implantation (Wimsatt 1963), 
which allows bears to breed during summer, prior to their season of hyper 
foraging, and delays the onset of fetal development until after pregnant females 
gain the benefits of fall food supplies. If a female fails to obtain and store 
enough energy to support the pregnancy, it is terminated (M. Vaughan, Virginia 
Tech, personal communication). 
It is the black bear's reproductive history that provides a mechanism for 
flexibility in annual reproduction in relation to food supply. Essentially all 
available breeding females may be impregnated each summer. Annual food 
abundance in the fall months determines what portion of this reproductive 
potential is realized. When food supplies are scarce, adult females forego 
reproduction to utilize stored body fat for their own survival. This pattern is 
expected in K-selected species, where adult survival is important in determining 
long-term population density (Emlen and Pikitch 1989). 
Most reproductive parameters of black bears vary little over their 
geographic range (Bunnell and Tait 1981, Alt 1989, Kasbohm 1994, Noyes and 
Garshelis 1994). Litter size has been correlated with food supply, but is stable 
over a wide range of nutritional planes (Noyes and Garshelis 1994). Age of first 
reproduction is more variable within regions (Noyce and Garshelis 1994) and 
·across regions (Garshelis 1994), but it still is expressed over a rather narrow 
range. Survival of young bears, particularly cubs and yearlings, varies over a 
wider range than that of adults, but fluctuations in survival are not strongly 
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related to food supply (Garshelis 1994). In addition, this juvenile period of 
greater mortality risk is short relative to the species potential lifespan. Cub and 
yearling survival each influence only 1 year-class of 26. A similar relationship 
exists for subadults (2- and 3-year-olds). Adult females have consistent and 
extremely high survival (>0.95}, and live for long periods of time (up to 30 years). 
Consequently, variation in juvenile survival impacts a relatively small proportion 
of the population. 
The only reproductive parameter of black bears which is highly variable is 
the proportion of breeders producing litters, or litter production. This parameter 
produced the greatest impact on population growth across its interquartile range 
(Table 4.2). In stable environments. with plentiful food, a substantial proportion 
I 
of adults are accompanied by yearling offspring, and are thereby unavailable for 
breeding each year. However, most available breeders do produce litters 
annually given abundant food. 
Population growth dropped markedly to near zero with low litter production 
which simulated a shortage of food (Figure 4.1a, Table 4.3, Low food; r=0.01 ). 
Even under this low reproductive level, the high survival of adults may ensure 
persistence of a viable population through all but the most severe food 
shortages. An extended period of simulated low litter production resulted in a 
stable population composed primarily of adults (Figure 4.1 b, c). No records of 
adult black bears dying of starvation have been published (Noyce and Garshelis 
1994}. However, the first adult female to die of starvation in 21 years of study 
was recorded at Spectacle Pond, Maine in the spring of 1996, following an 
extreme food failure in the fall of 1995. 
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Population growth under alternating high-low litter production (as an index 
to food supply) remained at or above rates generated by averaging the 
alternating litter production values (Table 4.3). Greater year-to-year variance in 
population size occurred in populations subjected to alternate high-low litter 
production as an outcome of their asymmetric growth curve (Table 4.3, Figure 
4.2a). 
Under alternate-year declines in litter production, population growth did 
not decline dramatically because high survival of adults, and their 2-year 
reproductive cycles, maintained a large proportion of breeders in the population. 
Under conditions of abundant food, a substantial proportion of adult females 
(nearly half) are usually encumbered with cubs each year, effectively reducing 
the number of females available for breeding. A 1-year food shortage may 
drastically reduce the proportion of breeders successfully producing litters the 
following winter, but most of those adult bears survive to become available for 
breeding in the following year. By delaying reproduction by one year, they join 
additional adults which just weaned offspring from litters produced 2 years 
previously, and newly maturing bears, to swell the number of breeding females 
to the majority of the adult cohort in the following year. If food supplies return to 
abundance in the subsequent year, most breeders produce cubs. Thus, a single 
year food shortage can initiate synchronous breeding within a population. 
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With continued alternate-year food shortages, reproductive synchrony 
could be maintained indefinitely. Similarly, in populations that contain female 
bears that begin reproducing at an even age (i.e. 4 years), synchrony could be 
maintained for many years (Free and McCaffrey 1972), for the even-aged 
maturity would reinforce strong and weak alternating cub cohorts respectively. 
Conversely, synchrony would be short-lived in populations in which most females 
reproduce at an odd age (3, or 5 years), for females born on even years would 
begin reproducing on odd years and vice versa. Within 2 generations (6-8 
years), the strength of even and odd-year cohorts would even in strength and the 
population would tend toward a stable age distribution; given stability in vital 
rates. 
Importance of Beechnut Abundance to Maine's Female Bear Population 
The simulations underscore the importance to the region's bear 
population of the beechnut crop in northern Maine, which appears to have 
maintained reproductive synchrony through alternate-year beechnut scarcity 
(McLaughlin et al. 1994, Chapter 2). Simulations in this paper suggest that such 
synchrony may have maintained the potential growth rate of the area's bear 
population on a similar plane as the populations that rely on more stable food 
supplies at Stacyville and Bradford (Table 4.4). Alterr'late-year suppression of 
reproduction following beechnut crop failures is offset by most female bears 
shifting reproduction to years of food abundance. Individual bears' 2-year 
reproductive cycles are not compromised by single-year food shortages, and the 
population's growth rate remains near levels experienced with stable food 
supplies, given return to abundant beechnut crops in alternate years. 
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However, the dependence of northern Maine's bears on beechnut crops 
for reproduction, as evidenced by a dramatic drop in litter production when 
beechnuts are scarce, focuses management attention on maintaining mast 
producing beech stands on the landscape. My simulations suggested that a 
sustained drop in litter production, as measured in years of beechnut scarcity in 
northern Maine, would significantly reduce the potential growth rate of the 
region's bear population and its ability to withstand increased mortality. Under 
such poor reproductive planes, the simulated populations consisted of a greater 
proportion of adults (Figure 4.1 a, b, c). Because adult bears have high survival, 
such populations may sustain positive growth through the proportionately large 
number of breeding females they contain (Figure 4.1 b). 
It is difficult to predict the consequences of widespread loss of beechnuts 
on northern Maine's bear population. Simulations of low litter production do not 
account for ecological factors which have been shown elsewhere to provide 
alternate food sources for bears, depending on the cause of decline in beech 
trees. Thus in Virginia, gypsy moth (Lymantria dispa(J defoliated much of the 
oak stands in the Shenandoah National Park in 1986-1989, resulting in acorn 
production failures and overstory loss (Kasbohm et al. 1994, 1996). Despite the 
loss of hard mast, bears continued to use defoliated oak stands much of the 
year, and many did not exhibit long moves to areas of abundant hard mast. 
Adult females maintained reproductive rates and bear survival did not decline 
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compared to a pre-defoliation period (1982-1984). The authors speculated that 
alternative fall foods (soft mast) substituted for acorns to supply the nutrition 
needed to maintain reproduction and survival at high levels. Southeastern North 
American forests apparently produce a wider variety of fall foods than do forests 
in northern and western ranges, where strong reproductive responses to berry 
and mast crop failures have been reported (Jonkel and Cowan 1971, Rogers 
1987, Kolenosky 1990, Reynolds 1977, Schwartz and Franzmann 1991, Miller 
1987, 1994). 
Bears in Maine frequently make long movements in late summer or fall to 
stands of berries or beechnuts, respectively (Hugie 1982, Schooley 1990, 
McLaughlin et al. 1994). Localized outbreaks of beech bark disease, or 
excessive harvesting of mature beech stands, may therefore have little impact on 
the reproduction and survival of resident bears. Radiocollared bears have 
moved more than 50 kilometers to exploit concentrated food sources (Hugie 
1982, Schooley 1990), including mature hardwood stands containing beech. 
Thus, local loss of beech stands may not have immediate consequences for 
bear productivity, but may heighten the importance of residual stands containing 
mature beech nearby. 
If disease were the agent of destruction for the region's beech trees, 
some canopy openings would occur as the standing trees died, particularly in 
stands with a high beech component. If beech trees were lost through 
commercial timber operations, harvesting could occur on an uneven-aged 
(selective harvesting) or even-aged basis (clear cutting). Uneven-aged 
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harvesting generates canopy openings similar to the loss of beech trees to 
disease. Even-aged management results in complete canopy loss. Such 
opening of the canopy would allow greater penetration of sunlight to the forest 
floor, and stimulate growth of understory vegetation, and early successional 
plants, including fruiting species (i.e. Rubus spp., Prunus spp.) which are 
alternate food sources for bears. The relative density of these plants, and their 
persistence, would be determined by site conditions and amount of canopy loss. 
This successional response may partially buffer the loss of beech as a food 
source for a period of 10-15 years. However, the prevalent early successional 
forests on the Spectacle Pond area that have resulted from even-aged forestry 
(Schooley 1990) have apparently not provided a sufficient source of alternate fall 
food to offset the strong decline in litter production following beechnut failures 
from 1982-1996. Therefore, it is reasonable to assume that the nutritional plane 
of female black bears and their reproductive rate would decline substantially if 
beech trees become rare in northern Maine. 
Influence of food abundance on vital rates 
The simulations also help to identify which of the measured vital rates 
were better indicators of potential population growth, in an approach similar to 
Emlen and Pikitch (1989). Proportion of breeding females producing litters was 
most closely associated with growth rate. Changes in adult survival appeared to 
influence population growth more than age of reproductive maturity, or changes 
in cub, yearling, and subadult survival. This is consistent with the trend of large 
mammal population response described by Emlen and Pikitch (1989). Litter size 
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and litter survival had least impact on growth rate. Range wide, food supplies 
appear to influence reproduction by controlling growth of stature and age of first 
reproduction, not through changes in litter size (Garshelis 1994, Noyce and 
Garshelis 1994). Annual variation in food supply appears to control reproduction 
in the short term through the physical condition of breeding adults. Only those 
breeders which exceed a condition threshold in late fall produce cubs the 
following winter (Rogers 1987, Elowe 1987, McLaughlin et al. 1994). 
Long-term reduction in food supply would likely influence several vital 
rates in concert: lower proportion of breeders producing cubs, later age of first 
reproduction, survival of cubs and yearlings, and longer inter-litter intervals. 
Noyce and Garshelis (1994) proposed that black bears respond to declining 
nutrition in the following sequence: 1) litter size declines, then stabilizes across 
a broad range of maternal weights; 2) age of first reproduction increases; 3) 
juvenile survival declines; 4) cub survival declines; and 5) litter frequency 
decreases. The observed changes in life history parameters measured under 
alternate-year food shortages at Spectacle Pond support their suggestion. No 
differences in litter size, juvenile or cub survival, or litter frequency were detected 
from the Maine data (McLaughlin et al. 1994, Chapter 2). However, winter 
weights of adult females did decline in years following beechnut crop failures, 
and inter-litter intervals of females losing litters were longer at Spectacle Pond 
· than at Bradford or Stacyville. A significant proportion of females at Spectacle 
Pond did not reproduce until6 years of age (McLaughlin et al. 1994, Chapter 2), 
probably due to slower growth and nutritional stress in poor mast years. 
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The simulation model used in this paper required values of most life 
history parameters to be specified, and did not compute them. Therefore, it 
could not be used to examine Noyes and Garshelis' theory about trends in vital 
rates under declining nutrition. However, simulations using reduced annual litter 
production rates would produce outcomes which are consistent with their theory. 
The low probability of litter production for all adult females would result in an 
increasing age of first reproduction, as few females in the youngest reproducing 
age classes actually reproduced each year. Litter frequency would also 
decrease. These consequences result from the continual low probability of litter 
production, regardless of number of breeders available. 
Management Implications 
Given the observed changes in vital rates of bears under alternate-year 
food failures, and growth of hypothetical populations under simulated conditions, 
age of first reproduction and proportion of breeding females producing litters may 
provide the most useful indices of a bear population's nutritional plane. 
Telemetry studies currently provide the most certain means of measuring these 
life history parameters, but this approach is expensive. 
Both age of first reproduction and litter production can be estimated 
cheaply in hunted populations by examining hunter-harvested bears. Age of first 
reproduction can be obtained through premolar collections and subsequent 
cementum annuli counts (Willey 1971 ), and concurrent nipple measurements 
(Mclaughlin et al. 1994). The proportion of females producing litters can be 
estimated from hunting harvests through 3 approaches: 1) interviewing hunters 
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to determine proportion of the harvest taken as family groups, 2) attempting to 
express milk from early-fall (September) harvested bears, and 3) obtaining fall 
weights of adult females. Preferably, all 3 types of data should be collected 
simultaneously. The prevalence of family groups and lactating adults would 
provide minimum estimates of the proportion of adults producing cubs the 
previous winter, as they fail to detect females which lost litters during spring and 
summer. Fall weights of females would provide a useful index to litter 
production, as a threshold relationship has been established between winter 
weights of females and reproduction (Rogers, 1987, Elowe 1987, Mclaughlin et 
al. 1994, Noyes and Garshelis 1994). 
Accurate measurements of bear life history parameters require multiple 
years of sampling to achieve sample sizes large enough to remove bias 
associated with short-term variation in food abundance. Indices of life history 
parameters, particularly age of first reproduction and litter production, could 
provide a means for comparing the long-term potential growth rate of female 
bear populations among geographic regions or over time, to assess differences 
in habitat quality. This approach would be less satisfactory if the life history 
indices are themselves uncertain or variable. The inherent low growth rate of 
female black bear populations appears relatively inflexible to changes in many of 
their life history parameters. Simulations suggest that female black bear 
populations can maintain growth rates in the face of short-term food shortages, 
including alternate-year shortages. Multi-year food shortages would substantially 
curtail population growth. However, the long reproductive life and high survival 
of adult females should allow female black bear populations to remain viable 
over extended periods of food scarcity, given no additional, man-related 
mortality. 
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CHAPTERS 
EFFECTS OF HARVESTING ON FEMALE BLACK BEAR POPULATIONS 
INTRODUCTION 
Black bears are long-lived omnivores, with a low reproductive potential 
that is influenced by food abundance in a density-independent manner (Jonkel 
and Cowan 1971 , Elowe 1987, Rogers 1987, McLaughlin et al. 1994, Miller 
1994, Godfrey 1996). Few females produce cubs following food crop failures 
(Jonkel and Cowan 1971, Rogers 1976, 1987, Pelton 1982, Elowe 1987, Miller 
1994), and alternate-year scarcity of fall mast crops is correlated with 
synchronous reproduction (McLaughlin et al. 1994, Chapter 2). 
Bears display the classic large mammal life history characteristics of long 
life, high adult survival and low birth rate, where adult survival is typically the 
most critical vital rate determining population growth (Emlen and Pikitch 1989}. 
They are polygynous, with males occupying large areas containing the home 
ranges of several adult females (Ait 1977, Hugie 1982). Males may disperse 
over long distances as subadults, but females are relatively sedentary and 
generally remain in their natal home ranges throughout their lives (Ait 1977, 
Hugie 1982}. Consequently, population management focuses on managing a 
cohort of reproducing females. 
The black bear is managed to provide sustained hunting harvests 
throughout much of its North American range, (Miller 1990). Although bears are 
difficult and expensive subjects to study (Miller 1990}, the biologipal and social 
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consequences of errors in managing bear populations are substantial, for 
overharvested populations may require many years to recover (Miller 1990}. 
Consequently, management agencies have adopted conservative approaches to 
harvesting bears (Miller 1990). 
Computer simulation models of wildlife populations can reduce the risks in 
population management, if used cautiously (Emlen 1989). Simulation models 
organize knowledge of the vital rates of a species, and project population growth 
under given sets of assumptions. Managers can use a model to ask "What if ... " 
questions and thus predict population response to potential management 
actions or environmental change before taking action or changing current 
policies. By identifying the important factors associated with vital rates of a 
population, modeling can direct future monitoring efforts and increase the 
efficiency of management programs. In this way, simulation models are useful 
tools for focusing future policies in adaptive management experiments (Walters 
1997). 
Nuts of the American beech (Fagus grandifo/ia) are the primary fall food 
of bears in the forests of northern Maine (Hugie 1982, Caron and McLaughlin 
1985}, where they are the only common source of hard mast. Beechnut 
abundance has fluctuated strongly within the region since 1982, with a pattern of 
alternate-year scarcity occurring on odd-numbered years (Schooley 1990, 
McLaughlin et al. 1994, Chapter 2). 
Bear reproduction is associated with the alternate-year cycle of beechnut 
crop failures in northern Maine, as most cub production is synchronized to occur 
following years of abundant nut crops. In winters following beechnut scarcity, 
most females are lighter in weight and fail to produce litters (Mclaughlin et al. 
1994, Chapter 2). 
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The future of beech as a component of northern Maine's bear habitat is 
uncertain, for trends in timber markets may promote increased harvesting of 
beech trees (Salter and Veltkamp 1987), and the structure of Maine's forests is 
favorable for an outbreak of beech bark disease, capable of causing widespread 
mortality of trees (Houston 1975). Beech trees do not produce nuts until 
reaching 40 years of age (Fowells 1965). Consequently, widespread loss of 
beech from northern Maine's forests may have long-term consequences for 
black bears and other wildlife. 
This paper employs an individual-based computer model (Chapter 3) and 
data collected from long-term field studies on 3 Maine sites (Chapter 2) to 
simulate the effects of harvesting on the dynamics of female black bear 
populations living on different nutritional planes. The simulations were designed 
to expand knowledge of how harvests affect female black bear population growth 
in three scenarios: 1) where bear food supplies are stable and abundant, 2) 
where food supplies are variable, and 3) where food supplies are reduced in 
abundance. This knowledge should improve population management by 
reducing risk in harvest decision-making and by focusing future research and 
population monitoring efforts on life history parameters that have the greatest 
influence on population growth. 
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METHODS 
Reproduction and survival of female black bears were measured during 
1982-1996 on three dissimilar study sites in Maine (Chapter 2). Bears living at 
the Spectacle Pond area in northern Maine experienced alternate-year scarcity 
of beechnuts, their primary fall food. Bears at Stacyville in north-central Maine 
and at Bradford in central Maine had more diverse and stable food supplies. At 
Stacyville, beechnuts were supplemented by agricultural crops and acorns 
(Quercus spp.) and at Bradford bears had access to acorns, apples and grain 
crops, but beech trees were uncommon. At Spectacle Pond, females 
synchronized their 2-year reproductive cycles, with a high proportion producing 
litters following alternate-year beechnut crops (McLaughlin et al. 1994, Chapter 
2), but at Stacyville and at Bradford the majority of breeding female bears 
produced cubs each year. 
Cub survival was calculated annually through in-den counts of cubs and 
yearlings. Survival and cause-specific mortality of yearlings and older bears were 
estimated on a seasonal basis (Heisey and Fuller 1985)(Appendix A). Each year 
was divided into 3 seasons. Winter (denning period) extended from December 1 
to April 15. Spring-summer began on April 16 and lasted until August 26. The 
fall season constituted the hunting period, and ran from August 27 to November 
30. 
Hunting effort and regulations changed over the 15-year period of study 
(Chapter 1) and survival was therefore estimated for 3 time periods: a) 
1982-1985, when hunting effort appeared relatively stable statewide; b) 
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1986-1989, a period of rapidly increasing harvests; and c) 1990-1996, following 
restrictions of hunting opportunity and stabilization of hunting effort (Chapter 1, 
Table 1.1). 
An individual-based computer model (Chapter 3) was used in the 
simulations. The model was an expanded Leslie matrix design, and provided a 
detailed account of the life history of female black bears by stepping through an 
annual cycle of events. Within each year, cub production was calculated first, 
then winter deaths were subtracted, followed by spring-summer deaths and 
finally fall hunting mortality. The model required an initial age-class distribution, 
reproductive schedule, a matrix of litter sizes, litter survival, and yearclass 
survival probabilities for 3 seasons (winter (den), spring-summer, and fall 
(hunting season)). Litter production (the proportion of breeders producing litters) 
and spring-summer survival was indexed to fall food supply (High, Moderate, and 
Low). Population size was limited following a density-vague approach (Strong 
1986), through nonlinear reduction in spring-summer survival as populations 
approached carrying capacity (Chapter 3). Stochastic effects for several 
reproductive and survival parameters were incorporated. The stochastic process 
generated a new random normal deviate for each life history event for each 
simulation year, which modified and replaced the mean life history parameter 
value in the appropriate formula. The use of random normal deviates allowed 
simulation of the influence of annual environmental fluctuation on population 
dynamics, under the assumption that fluctuations in food abundance were 
reflected in reproductive and survival parameter values. The model produced 
trajectories of populations and mortality, and files of ageclass-specific 
parameters. Hunting mortality was treated as additive within the model. 
Baseline population growth curves with which to assess population 
response to harvests were developed by initializing the model with vital rates 
measured at Spectacle Pond in northern Maine during 1990-96 (Table 5.1 ). 
These rates were very similar (within a few percent) to those measured at 
Bradford for the same period (Appendix A). 
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Litter production was the most variable life history parameter associated 
with beechnut abundance over the field study (Chapter 2}. It was also the most 
important life history parameter influencing population growth rate (Chapter 4). 
Comparative 50-year simulations we.re run to simulate the effect of food 
abundance on vital rates, setting litter production (the proportion of breeding 
females producing litters each year) to each of 4 levels in turn: High (82% of 
breeding females producing litters}, Moderate (64% of breeding females 
producing litters each year), Low (15% of breeding females producing litters), 
and Alternating (82 and 15% of breeders respectively producing litters on 
alternate years). 
Hunting mortality was removed from the baseline population responses by 
setting fall survival to 1.0. Survival of cubs fluctuated widely but mean values 
were similar among areas (Appendix A). Although cubs are legally hunted in 
Maine, few of them are harvested (Chapter 2, Mclaughlin 1986), and therefore 
annual cub survival values used in the simulations are reasonable 
approximations of survival in the absence of hunting. 
Table 5.1. Initial age distributions and survival values used in female bear population simulations to explore 
harvesting. 
Number of 
Number of Potential 
Females Number of Cub 
accompanied Pre-Productive Producing Spring-Summer Fall (Hunt) Winter 
Year Class 
.!1 by Yearlings Females Females Survival STD Survival (1) STD Survival STD 
0 0 0 0 0 0.65 0.10 1.00 0 1.00 0 
1 65 0 65 0 0.92 0.04 1.00 0 1.00 0 
2 41 0 41 0 0.98 0.01 1.00 0 1.00 0 
3 29 0 29 0 0.98 0.01 1.00 0 1.00 0 
4 19 0 19 19 0.98 0.01 1.00 0 1.00 0 
5 18 4 11 14 0.98 0.01 1.00 0 1.00 0 
6 16 7 2 9 0.98 0.01 1.00 0 1.00 0 
7 16 6 0 10 0.98 0.01 1.00 0 1.00 0 
8 14 6 0 8 0.98 0.01 1.00 0 1.00 0 
9 15 6 0 9 0.98 0.01 1.00 0 1.00 0 
10 12 5 0 7 0.98 0.01 1.00 0 1.00 0 
11 11 5 0 6 0.98 0.01 1.00 0 1.00 0 
12 11 4 0 7 0.98 0.01 1.00 0 1.00 0 
13 11 4 0 7 0.98 0.01 1.00 0 1.00 0 
14 9 4 0 5 0.98 0.01 1.00 0 1.00 0 
15 9 4 0 5 0.98 0.01 1.00 0 1.00 0 
16 9 4 0 5 0.98 0.01 1.00 0 1.00 0 
17 8 3 0 5 0.98 0.01 1.00 0 1.00 0 
18 7 3 0 4 0.98 0.01 1.00 0 1.00 0 
19 7 3 0 4 0.98 0.01 1.00 0 1.00 0 
20 6 3 0 3 0.98 0.01 1.00 0 1.00 0 
21 6 3 0 3 0.98 0.01 1.00 0 1.00 0 
22 5 2 0 3 0.98 0.01 1.00 0 1.00 0 
23 5 2 0 0 0.75 0.01 1.00 0 1.00 0 
24 4 0 0 0 0.50 0.01 1.00 0 1.00 0 
25 2 0 0 0 0.00 0.00 1.00 0 1.00 0 
a_ Fall survival was set to 1.0 for the baseline simulations, then reduced in 0.05 increments to simulate increasing levels of harvest. 
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Carrying capacity was set at 1,000 bears with the starting population set 
at half that level, or about 500 bears (Chapter 3}. The model calculated the 
starting number of cubs (in year 0} from the age distribution of breeding females, 
based upon programmed litter production rates which were linked to food 
conditions. Therefore, starting population size varied slightly among simulations 
using different nutritional planes. The starting age distribution (Table 5.1) was a 
stable age distribution generated as the mean from earlier 1 00-year simulations 
using yearclass frequency estimates from Spectacle Pond in 1985, and setting 
carrying capacity at 500 bears. 
The effect of harvests on population growth was assessed at each level of 
litter production by running 50-year s.imulations (100 repetitions each), and 
systematically changing harvest rate in 5% increments. Harvest mortality was 
applied to yearling and older age-classes. Mortality rates were applied 
consistently across age-classes, for no differential vulnerability was 
demonstrated over the field study (Appendix A). All other vital rates were held 
constant. A mean population trajectory and variance was calculated from the 100 
repetitions of each simulation setting (Figure 5.1 ). This mean trajectory was 
used to estimate the exponential growth rate (r) during the growth phase, prior to 
the population coming under the influence of density-dependent reduction in 
survival. Two additional measures of population growth were also computed for 
comparison: the t10-so value, and population doubling time. The t10-so value is an 
estimate of the length of time that a population growing at exponential rate 
requires to grow from 10% to 90% of its stable long-term equilibrium (Ricklefs 
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Figure 5.1. Trends in populations, and associated hunting and non-hunting 
deaths, of simulated female black bear populations with high litter 
production subjected to ?levels of harvest mortality. Each 
trajectory represents the mean response of 1 00 repetitions of the 
same mortality rate. a- total population, b- adult cohort (4- 25 
years), c- newborn cubs, d- hunting deaths, e- non-hunting 
deaths. 
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1973). It provided an additional measure of population growth, and was 
compared to the plotted population growth curves to ensure that the mean r 
value adequately described population response, given the nonlinear effects on 
reproduction and survival incorporated in the model. 
The size and age distribution of harvests, non-hunting deaths, and 
populations resulting from these simulations were examined for patterns 
indicating the trend in population growth (positive, stable, or negative) resulting 
from harvests. Population age distributions used in the comparisons were from 
midwinter, immediately after cub production was calculated and prior to 
subtracting deaths during the winter season. 
RESULTS 
Vital Rates on Study Areas 
Reproductive parameters were similar on all three areas, with the 
exception of proportion of breeding females producing litters (Table 5.2). 
Females produced their first litters at 4-6 years of age (Table 5.2). The 
proportion of breeding females producing cubs each year was high at Bradford 
(89%) and Stacyville (75%), but varied in an alternate-year pattern at Spectacle 
Pond in association with beechnut abundance (Table 5.2). At Spectacle Pond, 
82% of breeding females produced cubs on odd-numbered years following 
abundant beechnuts, and 15% produced cubs on even-numbered years 
following beechnut scarcity. Litter size was similar among areas, with 
primaparous females producing litters averaging 2 cubs, and semalparous 
females producing litters averaging 2.5 cubs (Table 5.2).. Litter survival varied 
Table 5.2. Reproductive parameter values and cub survival on 3 Maine female black bear study areas, 
1982-1996. 
Proportion of Breeding Females 
with Litters 
Age of First Litter Productiona 
Litter Size (mean 1982-1996) 
Litter Survival (mean 1982-1996)b 
Annual Cub Survival (mean 1982-1996) 
Spectacle Pond 
Alternating 
82% odd -15% even 
4 years (34%) 
6 years (44%) 
2.07 Initial 
2.53 Subsequent 
57% Initial 
89% Subsequent 
65% 
a_ Percent of known-age bears which reproduced at this age 
Study Area 
Stacyville 
75% 
5 years (55%) 
1.91 Initial 
2.53 Subsequent 
80% Initial 
1 00% Subsequent 
74% 
b_ Litter survival was defined as survival of at least 1 cub in litter through first birthday. 
Bradford 
89% 
4 years (53%) 
1.82 Initial 
2.45 Subsequent 
50% Initial 
77% Subsequent 
61% 
....L 
....... 
....L 
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among areas, being lowest at Bradford where 50% of initial litters and 77% of 
subsequent litters survived. Highest litter survival occurred at Stacyville, where 
80% of initial litters and 100% of subsequent litters survived (Table 5.2). 
Therefore, reproductive values for harvesting simulations were set at 
reasonable approximations of data from Spectacle Pond. Age of first 
reproduction was set at 4 years. Baseline litter production was set at 82% of 
breeders producing litters, as experienced in high mast years at Spectacle Pond 
(Chapter 2, Figure 2.1 ). The litter size matrix was based upon Spectacle Pond 
data where initial litters averaged 2.07 cubs, and subsequent litters averaged 
2.53 cubs (Chapter 2, Table 2.3). Litter survival was set to 57% for initial litters 
and 89% for subsequent litters (Chapter 2, Figure 2.2). 
Cub survival averaged 0.65 at Spectacle Pond, 0.74 at Stacyville, and 
0.61 at Bradford (Table 5.2). Survival increased as bears matured (Table 5.3). 
Winter survival remained at or near 1.0 for all radio-monitored age classes!?_ 1 
year). Spring-summer survival ranged from 0.65 to 1.0 for yearlings, 0.94- 1.0 
for subadults, and 0.97- 1.0 for adults (Table 5.3). Most mortality of subadults 
and adults occurred during the fall (Table 5.3, Appendix A). 
Bears died of a variety of causes (Chapter 2), but as they matured, 
hunting became the dominant mortality factor on all study areas (Table 5.4). 
Annual hunting mortality of yearlings ranged from 0.05 - 0.19 at Spectacle Pond 
(Table 5.4). Too few yearlings were monitored at Bradford prior to 1990 to 
provide reliable mortality estimates. From 1990-1996, their annual hunting 
mortality was 0.18 (Table 5.4, Appendix A). Subadult hunting mortality ranged 
Table 5.3. Seasonal and annual survival of female black bears on 3 Maine study areas over 3 time periods. 
Stud~ Area 
S~ectacle Pond Stac~llle Bradford 
Survival Survival Survival 
AaeCiass Season Time Period Estimate 95%CI Estimate 95%CI Estimate 95%CI 
1982-1985 0.86 0.64-1.00 1.00 1.00- 1.00 1.00 1.00-1.00 
Winter 1986-1989 1.00 1.00-1.00 1.00 1.00- 1.00 1.00 1.00-1.00 
1990-1996 1.00 1.00- 1.00 1.00 1.00-1.00 1.00 1.00-1.00 
1982-1985 0.65 0.43-1.00 0.24 0.01- 1.00 1.00 1.00-1.00 
Yearling Spring-Summer 1986-1989 0.86 0.73-1.00 1.00 1.00-1.00 1.00 1.00-1.00 
1990-1996 0.92 0.84-1.00 0.82 0.62-1.00 0.95 0.88-1.00 
1982-1985 0.72 0.45-1.00 0.29 0.09-0.97 
Fall 1986-1989 0.84 0.68- 1.00 0.78 0.49-1.00 0.80 0.52-1.00 
1990-1996 0.94 0.87-1.00 1.00 1.00-1.00 0.78 0.66-0.93 
1982-1985 0.40 0.20-0.80 0.24 0.01 - 1.00 0.29 0.09-0.98 
ANNUAL 1986-1989 0.72 0.56-0.94 0.78 0.49- 1.00 0.80 0.52-1.00 
1990-1996 0.87 0.77-0.98 0.82 0.62-1.00 0.74 0.61 -0.89 
1982-1985 1.00 1.00-1.00 1.00 1.00-1.00 
Winter 1986-1989 0.96 0.90-1.00 1.00 1.00-1.00 0.91 0.75-1.00 
1990-1996 1.00 1.00- 1.00 1.00 1.00- 1.00 0.97 0.91 -1.00 
1982-1985 1.00 1.00- 1.00 1.00 1.00- 1.00 
Subadult Spring-Summer 1986-1989 0.94 0.85-1.00 1.00 1.00- 1.00 1.00 1.00-1.00 
1990-1996 1.00 1.00-1.00 1.00 1.00- 1.00 1.00 1.00- 1.00 
1982-1985 1.00 1.00- 1.00 0.72 0.49-1.00 
Fall 1986-1989 0.65 0.49-0.86 0.60 0.30-1.00 0.66 0.44-0.99 
1990-1996 0.92 0.84-1.00 0.93 0.80- 1.00 0.67 0.52-0.86 
1982-1985 1.00 1.00-1.00 0.72 0.49-1.00 
ANNUAL 1986-1989 0.59 0.43-0.80 0.60 0.30-1.00 0.60 0.38-0.94 
1990-1996 0.92 0.84-1.00 0.93 0.80- 1.00 0.64 0.50-0.84 
...... 
........ (,.) 
Table 5.3. Seasonal and annual survival of female black bears on 3 Maine study areas over 3 time periods. 
(cont'd) 
StudlArea 
S~ectacle Pond Stacyville Bradford 
Survival Survival Survival 
A~:~e Class Season Time Period Estimate 95%CI Estimate 95%CI Estimate 95%CI 
1982-1985 0.98 0.96- 1.00 1.00 1.00- 1.00 1.00 1.00- 1.00 
Winter 1986-1989 1.00 1.00- 1.00 1.00 1.00- 1.00 1.00 1.00- 1.00 
1990-1996 1.00 1.00-1.00 1.00 1.00-1.00 1.00 1.00-1.00 
1982-1985 0.99 0.96-1.00 1.00 1.00-1.00 1.00 1.00- 1.00 
Adult Spring-Summer 1986-1989 1.00 1.00-1.00 1.00 1.00- 1.00 0.97 0.92-1.00 
1990-1996 0.98 0.95- 1.00 1.00 1.00-1.00 0.99 0.97-1.00 
1982-1985 0.83 0.75-0.92 1.00 1.00- 1.00 0.81 0.66- 1.00 
Fall 1986-1989 0.73 0.62-0.85 0.95 0.87-1.00 0.97 0.92-1.00 
1990-1996 0.94 0.90-0.98 0.93 0.85 -1.00 0.83 0.76-0.92 
1982-1985 0.80 0.72-0.90 1.00 1.00- 1.00 0.81 0.66- 1.00 
ANNUAL 1986-1989 0.73 0.62-0.85 0.95 0.87-1.00 0.94 0.87-1.00 
1990-1996 0.92 0.87-0.97 0.93 0.85- 1.00 0.83 0.75-0.91 
...... 
-.....1 
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Table 5.4. Annual survival and mortality by cause of death for radio-collared female bears living on three Maine 
study areas, 1982-1996. 
Stud~ Area 
Spectacle Pond Stacyville Bradford 
Hunting Hunting Hunting 
Age Class Period Survival Mortali!Y Survival Mortali!Y Survival Mortali!Y 
Adult 1982-1985 Annual Rates: @2§:2, 0.2718 ~o) 0.0000 /o.a135- 0.1399 
-=~-=---------
Variance: 0.0033 0.0033 0.0000 0.0000 0.0070 0.0055 
SE: /0.{)003.~ 0.0003 0.0000 0.0000 0.0010 0.0009 
1986-1989 Annual Rates: "--O.Rt85-~ 0.0579 .0.95?2 0.0477 -0'9429"--.., ~ 0.0286 
Variance: 0.0006 0.0004 0.0021 0.0021 0.0015 0.0007 
SE: 0.0001 0.0001 0.0005 0.0005 0.0003 0.0002 
~-- .----- ~.:::o.::-azs!P 1990-1996 Annual Rates: l ~1.0000) 0.0000 _,0_._~-~?0- 0.0679 0.1633 
--=-
·-Variance: 0.0021 0.0021 o-:o-a16 0.0015 
SE: 0.0000 0.0000 0.0004 0.0004 0.0002 0.0002 
Subadult 1982-1985 Annual Rates: 0.5866 0.3272 No Data 0.0000 0.7153 0.2847 
Variance: 0.0083 0.0078 0.0000 0.0000 0.0191 0.0191 
SE: 0.0009 0.0008 0.0000 0.0000 0.0023 0.0023 
1986-1989 Annual Rates: 0.9171 0.0829 0.6041 0.3959 0.6009 0.3384 
Variance: 0.0015 0.0015 0.0463 0.0463 0.0187 0.0186 
SE: 0.0003 0.0003 0.0049 0.0049 0.0022 0.0022 
1990-1996 Annual Rates: 0.7225 0.1402 0.9264 0.0735 0.6448 0.2672 
Variance: 0.0092 0.0056 0.0050 0.0050 0.0073 0.0064 
SE: 0.0011 0.0009 0.0010 0.0010 0.0008 0.0007 
Yearling 1982-1985 Annual Rates: 0.7225 0.1402 0.2392 0.0000 0.2900 0.7100 
Variance: 0.0092 0.0056 0.1171 0.0000 0.0322 0.0322 
SE: 0.0011 0.0009 0.0240 0.0000 0.0056 0.0056 
1986-1989 Annual Rates: 0.8704 0.0517 0.7836 0.2164 0.8016 0.1984 
Variance: 0.0229 0.0012 0.0365 0.0365 0.0314 0.0314 
SE: 0.0014 0.0003 0.0045 0.0045 0.0047 0.0047 
1990-1996 Annual Rates: 0.8704 0.0518 0.8159 0.0000 0.7396 0.1835 
Variance: 0.0229 0.0013 0.0137 0.0000 0.0050 0.0039 
SE: 0.0014 0.0003 0.0022 0.0000 0.0007 0.0005 
....... 
-....J 
U1 
176 
from 0.0 - 0.33 at Spectacle Pond during 1982 - 1996 and was 0.27 at Bradford 
from 1990-1996 (Table 5.4, Appendix A). Adult hunting mortality ranged from 
0.06-0.27 at Spectacle Pond and 0.03 - 0.16 at Bradford (Table 5.4, Appendix 
A). 
Fall (hunting season) survival did not differ among yearling and older age 
classes (Chapter 2). Fall survival of subadults at Spectacle Pond declined from 
1982-1985 t<? 1986-1989 and then increased during 1990-1996. Adult survival 
followed a similar trend, but not all comparisons were significant (Table 5.3, 
Chapter 2). Survival during fall at Bradford did not differ among periods for 
subadults, but adult survival declined in 1990-1996 (Table 5.3, Chapter 2). 
Therefore, in the simulations to explore harvesting, winter survival was set 
to 1.0 for all year classes (Table 5.1 ). Spring-summer survival of cubs was set at 
0.65, yearling spring-summer survival was set at 0.92, and spring-summer 
survival of subadults and adults was set at 0.98 (Table 5.1 ). Fall survival was 
initially set at 1.0, and then reduced in 0.05 increments until 0.70 for year classes 
1 through 25. 
Harvesting Simulations 
Potential population growth (r) was positively related to litter production, 
and ranged from 0.15 under High litter production to 0.03 when litter production 
was set Low (Table 5.5). The corresponding population doubling times ranged 
from 4.7 years under High litter production to 22.7 years under Low litter 
production (Table 5.5). Population growth (r) declined steadily as harvest 
Table 5.5 . Growth parameters of simulated populations of female bears with 4 litter production levels under 7 
levels of harvest. 
Mean STD of Long 
Starting Harvest Population Hunting Hunting STDof Long Term Term Population 
Population, Interval Growth Rate Harvest Harvest Population, Population, Equilibrium Equillibrium t10-90 Doubling 
Litter Production Level YearO Mortali~ Year 0-4 (r} YearO Year4 Year4 Year4 Level Level (Years} Time (Years) 
High (82%) 478 0.00 0.15 0 0 1007 43 970 84.5 14.7 4.7 
Moderate (64%) 448 0.00 0.13 0 0 847 35 977 72.7 17.2 5.4 
Alternating (82-15%) 481 0.00 0.13 0 0 738 30 836 126.1 16.4 5.2 
Low (15%) 377 0.00 0.03 0 0 445 20 955 26.7 65.5 20.7 
High (82%) 479 0.05 0.07 24 37 691 48 979 64.2 29.9 9.4 
Moderate (64%) 448 0.05 0.05 24 33 575 42 985 56.3 43.5 13.7 
Alternating (82-15%) 479 0.05 0.05 24 34 507 32 876 76.5 39.0 12.3 
Low (15%) 376 0.05 -0.04 25 18 297 20 38 16.2 -47.2 -14.9 
High (82%) 477 0.10 0.04 36 46 579 44 980 60.0 52.2 16.5 
Moderate (64%) 446 0.10 0.01 36 41 485 44 931 52.0 119.0 37.5 
Alternating (82-15%) 476 0.10 0.02 37 43 424 33 871 64.5 108.2 34.1 
Low (15%) 375 0.10 -0.08 37 22 244 20 9 5.5 -25.9 -8.2 
High (82%) 477 0.15 0.00 52 50 462 39 603 143.2 399.8 126.1 
Moderate (64%) 447 0.15 -0.02 51 45 383 36 182 58.5 -108.4 -34.2 
Alternating (82-15%) 479 0.15 -O.Q1 51 45 345 32 191 60.3 -120.1 -37.9 
Low (15%) 377 0.15 -0.12 51 26 195 18 1 3.9 -17.8 -5.6 
High (82%) 477 0.20 -0.04 67 54 358 38 72 31.2 -52.1 -16.4 
Moderate (64%) 449 0.20 -0.06 66 45 302 30 22 11.7 -31.6 -10.0 
Alternating (82-15%) 481 0.20 -0.06 68 48 272 24 22 12.8 -32.6 -10.3 
Low (15%) 376 0.20 -0.18 66 25 147 17 0 0.7 0.0 -3.8 
High {82%) 480 0.25 -0.09 85 51 273 31 7 7.3 -23.1 -7.3 
Moderate (64%) 448 0.25 -0.13 83 43 229 27 2 3.4 -17.3 -5.4 
Alternating (82-15%) 477 0.25 -0.13 82 45 205 24 2 3.0 -17.1 -5.4 
Low (15%) 375 0.25 -0.25 84 22 108 15 0 0.0 0.0 -2.7 
High (82%) 475 0.30 -0.16 99 44 203 28 0 1.7 -13.8 -4.4 
Moderate {64%) 447 0.30 -0.18 101 38 168 22 0.5 -11.9 -3.7 
Alternating (82-15%) 476 0.30 -0.19 100 41 154 23 0 0.5 0.0 -3.7 
Low (15%) 376 0.30 -0.29 101 20 77 13 0 0.0 0.0 -2.4 
~ 
--.....1 
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mortality increased across all 4 levels of litter production (Figures 5.1 -- 5.4, 
Table 5.5, column 3). 
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Populations with High litter production could sustain a harvest interval 
mortality rate of 0.15 without declining (Figure 5.1 a). At this level the population 
was nearly stable (r=0.01 ). This harvest level meant an annual harvest of about 
50 female bears (Table 5.5, column 4 and 5), or 12% of the initial population. 
Doubling the maximum sustainable mortality rate to 0.30 reduced r to -0.16, and 
halved population size in 4.4 years (Figure 5.1 a, Table 5.5). 
Populations with Moderate litter production (64% breeders reproducing), 
and Alternating high-low litter production (82-15% breeders reproducing) could 
sustain 10% harvest interval mortality without decline (Figures 5.2, 5.3, Table 
5.5). This translated to a harvest of about 40 bears, or 8% of the initial 
population. Populations with Low litter production (15% of breeders producing 
cubs were unable to sustain a 5% harvest rate (Figure 5.4a, Table 5.5). This low 
harvest mortality level reduced r to -0.05, and caused the population to decline to 
38 bears within 50 years (Table 5.5, column 8). 
The mean age of the populations in simulation year 4, following the 4 
years of harvesting, was lower with greater harvest mortality (Table 5.6, 
Appendix H). The mean age of populations was also inversely related to litter 
production, with lowest mean age in populations with the highest litter production 
settings (Table 5.6, column 5, Appendix H). However, within a given litter 
production level, the mean age of the population changed very little as mortality 
increased and as population growth switched from positive to negative (Table 
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Figure 5.2. Trends in populations and associated hunting and non-hunting 
deaths of simulated female black bear populations with moderate 
litter production, subjected to 7 levels of harvest mortality. 
Individual trajectories represent the mean response of 100 
repetitions of the same mortality rate. a- total population, b- adult 
cohort (4- 25 years), c- newborn cubs, d- hunting deaths, e-
non-hunting deaths. 
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Hunting Deaths under 0-30% Hunt Mortality Rate 
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Figure 5.3. Trends in populations and associated hunting and non-hunting 
deaths of simulated female black bear populations with 
alternate-year high-low litter production, subjected to 7 levels of 
harvest mortality. Individual trajectories represent the mean 
response of 1 00 repetitions of the same mortality rate. a - total 
population, b- adult cohort (4- 25 years), c- newborn cubs, d-
hunting deaths, e - non-hunting deaths. 
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Hunting Deaths under 0-30o/o Hunt Mortality Rate 
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Figure 5.4. Trends in populations and associated hunting and non-hunting 
deaths of simulated female black bear populations with low litter 
production, subjected to 7 levels of harvest mortality. Individual 
trajectories represent the mean response of 1 00 repetitions of the 
same mortality rate. a- total population, b- adult cohort (4- 25 
years), c- newborn cubs, d- hunting deaths, e- non-hunting 
deaths. 
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Table 5.6. Comparison of population and harvest characteristics for simulated female black bear populations 
with 4 levels of litter production, subjected to increasing levels of harvest mortality for 5-year 
periods. 
Population in 
Year4, as a 
Proportion of 
Litter Harvest Population Population in Mean Age of Mean Age of Nonhunting 
Production Mortality Rate Growth Rate (r) Yearo Population Harvest Trend Harvest Losses 
High 82% 0.05 0.05 1.32 4.7 increasing 3.0 increasing 
0.15 0.01 0.96 4.6 stable 6.0 stable 
0.25 -0.10 0.64 4.5 decreasing 6.1 decreasing 
Mod 64% 0.05 0.05 1.23 5.2 increasing 6.1 increasing 
0.10 0.02 1.08 5.3 stable 6.2 stable 
0.15 -0.02 0.89 5.2 stable 6.6 stable 
0.25 -0.13 0.58 5.2 decreasing 3.6 decreasing 
Alt 82-15% 0.05 0.06 1.14 4.7 increasing 6.1 increasing 
0.10 0.02 1.00 4.7 stable 7.5 stable 
0.15 -0.02 0.83 4.7 stable 7.5 stable 
0.25 -0.13 0.54 4.7 decreasing 4.5 decreasing 
Low 15% 0.02 -0.01 0.88 8.2 stable 6.2 stable 
0.15 -0.12 0.58 8.1 decreasing 9.0 decreasing 
0.30 -0.29 0.29 8.1 decreasing 9.0 decreasing 
...... 
(X) 
(X) 
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5.6). For example, under High litter production, the mean age of the population 
declined from 4.7 to 4.5 years as harvest mortality increased from 0.05 to 0.25, 
and population growth (r) declined from 0.05 to -0.1 0. 
Mean age of harvested bears initially increased with harvest mortality rate, 
then remained fairly stable over a range of mortality rates and finally decreased 
under high levels of harvest as the population age distribution became truncated 
(Table 5.6, column 7; Appendix H). Mean age of harvest was also inversely 
related to litter production level, as harvests from populations with low cub 
production were composed of a higher proportion of adults (Figure 5.4 a, b, c; 
Appendix H). Cubs comprised 25% of populations with high litter production, 
29% were yearlings and subadults, and 46% were adults. In low litter production 
scenarios, 5% of populations were cubs, 36% were yearlings and subadults, and 
59% were adults. 
The number of nonharvest deaths tracked population growth, and was 
confined to the youngest and oldest age classes (Appendix H). Most of these 
deaths were of young bears, i.e. cubs and yearlings. The model removed bears 
from the population at 25 years of age, by setting survival of the oldest yearclass 
to 0. In all simulation settings except those of low cub production, this cohort of 
old bears was a low portion of the total non hunting deaths~ 
DISCUSSION 
The simulations demonstrated the low capacity of bear populations to 
support harvests, and emphasized the importance of adult survival and litter 
production in population growth. Population growth declined rapidly and became 
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negative with increasing harvest mortality. This response to harvesting is 
common in long-lived large mammal populations where adult survival is the 
critical life history parameter determining population growth and long term 
densities (Emlen and Pikitch 1989). However, litter production level also played 
an important role in determining the maximum sustainable harvest rate. 
Populations with high levels of litter production were able to withstand 
about 15% mortality during the fall hunting period, and those on alternating 
high-low litter production levels or those with moderate litter production were able 
to withstand 10% harvest mortality. Populations with low litter production, 
however, could not maintain positive growth under harvest rates as low as 5%. 
Overharvested populations exhibited steady, long-term reductions in population 
size, leading to extinction within 50 years at high harvest levels. 
My simulations also indicated that harvest size would be difficult to 
maintain when a bear population was overharvested. Populations that were 
subjected to excessively high mortality rates produced harvests that declined in 
size over time, as the underlying population became smaller (Figure 5.1 -- 5.4). 
These outcomes suggest that although a rapid increase in hunting effort will 
produce a short-term increase in harvest size while the underlying population is 
declining, overharvesting would result in declining harvests. 
The mean age of harvests was inversely related to litter production, being 
highest for populations with low litter production, and declining as litter 
production increased. Within litter production levels, mean harvest age declined 
in 2 harvesting situations: when a population was lightly harvested and 
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increasing (underharvesting), and after sustained high harvest mortality had 
caused population decline (overharvesting). Underharvested populations with 
moderate to high litter production produced harvests with low mean ages due to 
a preponderance of young bears entering the population annually, and becoming 
available for harvest as yearlings. Mean age of harvest declined after sustained 
periods of over-harvest because the underlying population age distributions 
became truncated (Appendix H). However, the mean age of harvests remained 
relatively unchanged over a range of harvest mortality rates, providing no 
indication of population trend (positive or negative). Therefore, mean age of 
harvest has limited utility for managers wishing to detect changes in population 
trend based solely upon the age distribution of harvests (Gilbert et al. 1978, 
Miller 1990). Despite this ambiguity, mean harvest age may still be used to 
assess population trend if information on harvest size and hunting effort is 
available. If harvest size increased over time while mean age of harvested bears 
declined, and hunting effort was stable or declined, the population trend should 
be positive. This conclusion is contrary to previous interpretations of harvest age 
distribution change, which attributed a decline in mean age of harvest with 
declining populations, and increasing age of harvest to expanding populations 
(Burton et al. 1994, Kasbohm 1994). 
Simulations that incorporated synchronous reproduction (alternate-year 
high-low litter production) produced populations with potential growth rates that 
were similar to populations with mean litter production rates calculated by 
averaging the high and low litter production levels (Figure 5.2, 5.3). The 
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reproductive synchrony resulted in greater year-to-year variance in population 
size and associated harvests but did not reduce their ability to withstand harvest 
mortality. 
If widespread loss of beechnut mast were to occur in northern Maine, and 
no other food source was available to sustain reproduction at current levels, litter 
production will likely decline (Chapter 4), with a substantial impact on the 
population's ability to sustain harvest. The loss in litter production would likely be 
manifested as a decline in harvest size (Figure 5.4d) and an increase in mean 
age, as fewer cubs entered the population annually. Continued overharvesting 
under low litter production would deplete the population, resulting in a decline in 
mean age of harvested bears (Table 5.6). 
Survival data from the Maine study areas indicate that the female bears 
living on each experienced different patterns in harvest mortality over the 15-year 
period of study. Hunting mortality at Spectacle Pond increased from 1982-1985 
to 1986-1989, then decreased in 1990-1996 (Table 5.3). At Bradford, mortality 
remained rather constant from 1982-1985 to 1986-1989, then increased in 
1990-1996 (Table 5.3). During 1986-1989, adult harvest mortality at Spectacle 
Pond (0.28) exceeded the maximum sustainable level of a population with 
alternate high-low litter production based on my simulations (0.1 0), resulting in 
population decline (Table 5.6, Chapter 3). However, during the same period, 
adult harvest mortality at Bradford (0.03) was well within sustainable levels of a 
population with high litter production (0.15) (Table 5.6). These different trends 
indicate regional differences in harvest pressure and population trend. 
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Therefore, extensive (e.g. region-wide) population monitoring methods are 
needed to ensure that intensive data collections from small study areas are 
representative of larger geographic regions. Without such checks, local variation 
in harvest mortality and/or in litter production can result in management errors. 
In addition, bear populations should be managed on ecological units which 
define consistent habitat and environmental conditions to allow better 
assessment of population growth and the effects of harvests. 
Management Implications 
The simulations provide insights into the effects of harvests on growth of 
female black bear populations, and can provide direction for improving future 
management. Potential growth rates of all simulated populations were low and 
could sustain only low harvest mortality. Under the highest vital rates recorded in 
Maine, simulations indicated that female bear populations can withstand no more 
than 15% harvest mortality without declining. Simulations that emulated 
synchronous reproduction can withstand 10% harvest mortality, and populations 
with low litter production are unable to withstand 5% mortality without decline. 
Excessive harvest resulted in steady population declines, which were not 
detectable as a change in the mean age of harvested bears. 
Earlier simulations of effects of food abundance on female bear 
population growth (Chapter 4) indicated that population growth was most 
sensitive to litter production, adult survival, and age of first reproduction in 
descending order of importance. The proportion of breeding females producing 
litters (litter production) was the most variable life history parameter associated 
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with variation in food abundance (Chapters 2, 4}. Varying litter production 
across the species' inter-quartile range produced a changed r by 0.15. (Chapter 
4}. 
Environmental change resulting in a decline in fall food abundance, such 
as widespread loss of beechnut mast in northern Maine, would likely be 
manifested in a bear population by a reduction in litter production, followed by an 
increase in age of first reproduction. As a consequence, the population's ability 
to sustain harvest would decline markedly. The most important information 
needed to assess the impacts of harvests on population trend are litter 
production (proportion of breeding females producing litters}, age of first 
reproduction, and adult survival. Managers should concentrate on obtaining 
reliable estimates of these parameters to minimize risks in harvesting 
prescriptions. Age of harvested female bears, measures of litter production, and 
age of first reproduction can be collected extensively through hunter check 
stations. Estimates of survival will require either intensive field studies including 
telemetry, or extensive mark-recapture efforts (i.e. ear tagging, bio-markers}. 
Concluding Synthesis 
The modeling efforts in this study quantify the influence of selected life 
history parameters on growth rate of female black bear populations, and provide 
direction for future research and management in Maine. Female black bear 
populations have inherently low growth rates which are fairly insensitive to 
changes in most life history parameters. Population growth was most strongly 
influenced by litter production (the proportion of breeding females producing 
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litters), age of first reproduction and adult mortality. Populations with vital rates 
observed on Maine study areas could sustain adult mortality of 15% under high 
litter production levels, but declined to near zero when litter production was low. 
Litter production was variable and strongly influenced by beechnut abundance in 
northern Maine, and remained high in central Maine. Adult mortality was 
primarily caused by man, through hunting harvests. 
Present bear management in Maine relies on intensive telemetry studies 
of female black bears on small areas to obtain data on their vital rates and 
densities, which are then extrapolated to large geographical areas. Harvest 
regulations are applied statewide, and harvest monitoring includes collection of 
information on sex and ageclass (cub or adult) of all bears killed. Annual 
assessment of statewide population growth is made following each hunting 
season, based upon survival of radiocollared female bears on study areas. 
Management of female black bear populations can be improved by 
focusing research and management efforts on developing and applying ways to 
monitor selected life history parameters, and habitat conditions, on an extensive 
scale. This approach should reduce the risk that local v.ariation in food supply or 
hunting effort will cause management errors of statewide consequence. 
The risk of beech trees being lost through disease or excessive timber 
harvest emerged as a major hazard for black bears in northern Maine. Research 
is needed to characterize mature hardwood stands containing beech and 
determine silvicultural treatments that maintain mast production, and to 
determine the distribution, abundance, and trends of mature hardwood stands 
containing beech on the landscape. Greater understanding of the relative 
importance of other foods (i.e. soft mast) to bear population growth is also 
needed. 
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Improvement in population monitoring is seen most likely, based upon my 
simulation modeling, to emerge from development and testing of indices of litter 
production, collection of age data from harvested bears, and extensive estimates 
of survival. Litter production could be indexed through examination of harvested 
bears in the fall. Weights of adult females are related to their litter production, 
and collection of weight and age data, along with nipple length may provide 
sufficient accuracy for monitoring potential population growth. Adult female 
survival will be the one life history parameter that is most difficult to obtain for 
large regions, as conventional mark-recapture studies are expensive and difficult 
to apply over large geographic areas, and use of bio-markers (e.g. tetracycline 
baits) precludes identification of sex. Therefore, trends in male populations may 
confound efforts to monitor female population trends. In the absence of survival 
information, extensive population estimates could be used periodically to assess 
population trend, and provide a check on the trends of a sample of radiocollared 
females. The accuracy of these indices can be tested by comparison studies 
with continued intensive monitoring of radiocollared bears on small study areas. 
Therefore, continued intensive telemetry studies of female bears are needed 
until reliable alternative methods of estimating adult female survival are 
developed. 
197 
LITERATURE CITED 
Addison, E. M., and G. B. Kolenosky. 1979. Use of ketamine hydrochloride and 
xylazine hydrochloride to immobilize black bears ( Ursus americanus}. J. 
Wildl. Dis. 15:253-258. 
Alt, G. L., 1977. Home range, annual activity patterns, and movements of black 
bears in northeastern Pennsylvania. M.S. Thesis. Pennsylvania State 
Univ., University Park. 67pp. 
__ . 1989. Reproductive biology of female black bears and early growth and 
development of cubs in northeastern Pennsylvania. Ph.D. Thesis, Univ. 
West Virginia, Morgantown. 116pp. 
Salter, K., and J. Veltkamp. 1987. Report on the demand for Maine forest 
products. Maine Dept. Conserv., Augusta, Me. 70pp. 
Beck, T. D. 1.1991. Black bears of west-central Colorado. Colo. Div. Widl. Tech. 
Pub. 39. 86pp. 
Beecham, J. 1980. Some population characteristics of two black bear 
populations in Idaho. Int. Conf. Bear Res. and Manage. 3:201-204. 
Brooks, R. T., T. S. Friewyk, and A. Ritter. 1986. Forest wildlife habitat statistics 
for Maine 1982. U.S. For. Serv. Res. Bull. NE-96. 146pp. 
Bunnell, F. L., and D. E. N. Tait. 1985. Mortality rates of North American bears. 
Arctic. 38(4}:316-323. 
Burton, T., D. Koch, D. Updike, and A. Brody. 1994. Evaluation of the potential 
effects of sport hunting on California black bears. Int. Conf. Bear Res. 
and Manage. 9(1}:231-235. 
Caron, M. A., and C. R. McLaughlin. 1985. Black bear study. Maine Dept. Inland 
Fish. and Wildl. Job Performance Rpt., Fed. Aid Proj. Maine W-67-R15, 
Job 11-181. 8pp. 
Domini, H., and J. Scudder. 1987. Land use and cumulative impact of 
development: a study summary. Maine State Planning Office, Augusta, 
Me. 28pp. 
Eberhardt, and Siniff. 1977. Population dynamics and marine mammal 
management policies. J. Fish. Res. Board of Canada. 34:183-190. 
Eiler, J. H. 1981. Reproductive biology of black bears in the Smoky Mountains of 
Tennessee. M. S. Thesis. Univ. Tennessee. Knoxville. 128pp. 
198 
__ ., W. G. Wathen, and M. R. Pelton. 1989. Reproduction in black bears in 
the southern Appalachian Mountains. J. Wildl. Manage. 53:353-360. 
Elowe, K. D. 1984. Home range, movements, and habitat preferences of black 
bear in western Massachusetts. M. S. Thesis, Univ. Massachusetts, 
Amherst. 112pp. 
__ . 1987. Factors affecting black bear reproductive success and cub survival 
in Massachusetts. Ph. D. Thesis, Univ. Massachusetts, Amherst. 71 pp. 
__ .,and W. E. Dodge. 1989. Factors affecting black bear reproductive 
success and cub survival. J. Wildl. Manage. 53:962-968. 
Emlen, J. M. 1989. Terrestrial population models for ecological risk 
assessment: a state of the art review. Envir. Tox. and Chern. 8:831-842. 
__ ., and E. K. Pikitch. 1989. Animal population dynamics: identification of 
critical components. Ecol. Modeling. 44:253-273. 
Erickson, A. W., J. Nellor, and G. A. Petrides. 1964. The black bear in Michigan. 
Mich. State Univ. Agric. Exp. Stn. Res. Bull. 4. 1 02pp. 
Fowells, H. A. 1965. Silvics of forest trees of the United States. U. S. Dep. of 
Agric. For. Serv. Agric. Handb. 271. 762pp. (cited on p 173- age of 
beech production) 
Free, S. L., and E. McCaffrey. 1972. Reproductive synchrony in the female black 
bear. Int. Conf. Bear Res. and Manage. 1:199-206. 
Garshelis, D. L. 1994. Density-dependent population regulation of black bears. 
Pages 3-14 in: M. Taylor, ed. Density-dependent population regulation in 
black, brown, and polar bears. Int. Conf. Bear Res. and Manage. Monogr. 
Series No. 3. 43pp. 
Gilbert, J. R., W. S. Kordek, J. Collins, and R. Conley. 1978. Interpreting sex 
and age data from legal kills of bears. Proc. East. Workshop Black Bear 
Manage. Res. 4:253-266. 
__ .,and M.S. Udevitz. 1997. Adaption of a stage-projection model for 
species with multiple year reproductive cycles. Ecol. Modelling. 97:47-57. 
Godfrey, C. L. 1996. Reproductive biology and denning ecology of Virginia's 
exploited black bear population. M. S. Thesis. Virginia Polytechnic 
Institute and State University, Blacksburg. 136pp. 
Graber, D. M. 1981. Ecology and management of black bears in Yosemite 
National Park. Ph.D. Thesis, Univ. Calif., Berkeley. 206pp. 
199 
Harris, R. B., L. H. Metzgar, and C. D. Bevins. 1986. GAPPS, Generalized animal 
population projection system, user's manual. Mont. Cooperative Wildl. 
Res. Unit, Univ. Mont., Missoula. 123pp. 
Heisey, D. M., and T. K. Fuller. 1985. Evaluation of survival and cause-specific 
mortality rates using telemetry data. J. Wildl. Manage. 49{3):668-674. 
Hallgren, E. C., and D. S. Maehr. 1993. Habitat fragmentation and black bears 
in the eastern United States. Proc. East. Workshop Black Bear Manage. 
Res. 11:154-165. 
Higgins, J. C. 1997. Survival, home range and spatial relationships of Virginia's 
exploited black bear population. M.S. Thesis. Virginia Polytechnic Institute 
and State University, Blacksburg. 124pp. 
Houston, D. R. 1975. Beech bark disease: the aftermath forests are structured 
for a new outbreak. J. For. 73:660-663. 
Hugie, R. D. 1982. Black bear ecology and management in the northern 
conifer-deciduous forests of Maine. Ph.D. Thesis. Univ. Montana, 
Missoula. 202pp. 
Jonkel, C. J., and I. MeT. Cowan. 1971. The black bear in the spruce-fir forest. 
Wildl. Monogr. 27. 57pp. 
Kane, D. M. 1989. Factors influencing the vulnerability of black bears to hunters 
in northern New Hampshire. M.S. Thesis, Univ. New Hampshire, Durham. 
48pp. 
Kasbohm, J. W. 1994. Response of black bears to gypsy moth infestation in 
Shenandoah National Park, Virginia. Ph. D. Thesis. Virginia Polytechnic 
Institute and State University, Blacksburg. 162pp. 
__ ., M. R. Vaughan, and J. G. Kraus. 1994. Behavioral responses of black 
bears to gypsy moth infestation in Shenandoah National Park, Virginia.· 
Int. Cont. Bear Res. and Manage. 9{1):461-470. 
__ ., M. R. Vaughan, and J. G. Kraus. 1996. Effects of gypsy moth 
infestation on black bear reproduction and survival. J. Wildl. Manage. 
60(2):408-416. 
Kenward, R. E., and K. H. Hodder. 1990. Ranges V- an analysis system for 
biological location data. lnst. Terrestrial Ecol. Dorset, UK. 66pp. 
Knight, R. R., and L. L. Eberhardt. 1984. Projected future abundance of the 
Yellowstone grizzly bear. J. Wildl. Manage. 48(4):1434-1438. 
200 
Kohn, B. E. 1982. Status and management of black bears in Wisconsin. Wis. 
Dept. Nat. Res. Tech. Bull. 129. 31pp. 
Kolenosky, G. B. 1990. Reproductive biology of black bears in East-Central 
Ontario. Int. Cont. Bear Res. and Manage. 8:385-392. 
Lamb, G. R. 1983. Home range and habitat use of female black bears in 
northern Maine. M.S. Thesis. Univ. Maine, Orono. 25 pp. 
LeCount, A. L. 1984. Black bear cub production and survival in central Arizona. 
Final Report. Fed. Aid Wild I. Res. Proj. W-78-R. 1 Opp. 
__ . 1987. Causes of black bear cub mortality.lnt. Cont. Bear Res. and 
Manage. 7:75-82. 
Lindzey, F. G., and E. C. Meslow. 1977. Population characteristics of black bears 
on an island in Washington. J. Wildl. Manage. 41 :408-412. 
Mclaughlin, C. R. 1984. Maine status report. Proc. East. Workshop Black Bear 
Manage. Res. 7:7-10. 
__ . 1986. Black Bear Assessment - 1985. pp.359-405 in: Planning for 
Maine's Inland Fish and Wildlife- species assessments and strategic 
plans 1986-1991. Vol. 1, Part 1.4. Dept. Inland Fish. and Wildl., Augusta. 
__ .,G. J. Matula, Jr., and J. H. Hunt. 1988. A draft habitat suitability index 
model for black bears in the conifer-deciduous forests of New England: its 
application in Maine. Proc. East. Workshop Black Bear Manage. Res. 
8:137-164. 
__ ., K. D. Elowe, and M. C. Caron. 1991. Maine Status Report. Proc. East. 
Workshop Black Bear Manage. Res. 1 0:30-34. 
__ .,G. J. Matula, Jr., R. A. Cross, W. H. Halteman, M.A. Caron, and K. I. 
Morris. 1990. Precision and accuracy of estimating age of Maine black 
bears by cementum annuli. Int. Cont. Bear Res. and Manage. 8:415-419. 
__ .,G. J. Matula, Jr., and R. J. O'Connor. 1994. Synchronous reproduction 
by Maine black bears. Int. Cont. Bear Res. and Manage. 9(1 ):471-479. 
__ ., K. D. Elowe, M. C. Caron, and R. A. Cross. 1993. Maine Status Report. 
Proc. East. Workshop Black Bear Manage. Res. 11 :46-50. 
Mech, D. L. 1983. Handbook of animal radiotracking. Univ. Minnesota Press, 
Minneapolis. 1 07pp. 
201 
Miller, S.D. 1987. Susitna hydroelectric project final report. Big game studies. 
Vol. VI. Black bear and brown bear. Alaska Dept. Fish and Game. 
276pp. 
__ . 1990. Population management of bears in North America. Int. Cont. 
Bear Res. and Manage. 8:357-373. 
__ . 1994. Black bear reproduction and cub survivorship in south-central 
Alaska. Int. Cont. Bear Res. and Manage. 9(1 ):263-273. 
Noyce, K. V., and D. L. Garshelis. 1994. Body size and blood characteristics as 
indicators of condition and reproductive performance in black bears. Int. 
Cont. Bear Res. and Manage. 9(1):481-496. 
__ .,and D. L. Garshelis. 1998. Spring weight changes in black bears in 
northcentral Minnesota: the negative foraging period revisited. Int. Cont. 
Bear Res. and Manage. 1 O:(in press). 
Peikelek, W., and T. S. Burton. 1975. A black bear population study in northern 
California. Calif. Fish and Game 61 (1 ):4-25. 
Pelton, M. R. 1982. Black bear (Ursus americanus). Pages 504-514 in J. A. 
Chapman and G. A. Feldhamer, eds. Wild mammals of North America. 
John Hopkins University Press, Baltimore and London. 1147pp. 
Reiling, S. D., M. R. Teisl, and K. J. Boyle. 1991. Highlights from the 1988 survey 
of bear hunting in Maine. Dept. Agr. Res. Econ. Staff Paper Series in Res. 
Econ., ARE 430, Univ. Maine. 5pp. 
Reynolds, D. G. 1977. Home range activities and reproduction of black bears in 
west-central Idaho. M.S. Thesis. Univ. Idaho, Moscow. 38pp. 
Ricklefs, R. E. 1973. Patterns of growth in birds. II. Growth rate and mode of 
development. Ibis 115:(2)177-201. 
Rogers, L. L. 1976. Effects of mast and berry crop failures on survival, growth, 
and reproductive success of black bears. Trans. North Am. Wildl. and Nat. 
Resour. Cont. 41:431-438. 
__ . 1987. Effects of food supply and kinship on social behavior, movements, 
and population growth of black bears in northeastern Minnesota. Wildl. 
Monogr. 97. 72pp. 
202 
Schooley, R. L. 1990. Habitat use, fall movements, and denning ecology of 
female black bears in Maine. M. S. Thesis, Univ. Maine, Orono. 115pp. 
Schwartz, C. C., A. W. Franzmann, and D. C. Johnson. 1983. Black bear 
predation on moose. Federal aid in wildlife restoration final report. Alaska 
Dept. Fish and Game. 135pp. 
__ .,and A. W. Franzmann. 1991. Interrelationship of black bears to moose 
and forest succession in the northern coniferous forest. Wildl. Monogr. 
No. 113. 58pp. 
Shaffer, M. L. 1983. Determining minimum viable population sizes for the grizzly 
bear. Int. Cont. Bear Res. and Manage. 5:133-139. 
Spencer, H. E., Jr. 1955. The black bear and its status in Maine. Maine Dept. 
Inland Fish. and Game Div. Bull. 4. 55pp. 
Stirling, 1., E. Broughton, L. 0. Knutsen, M.A. Ramsey, and D. S. Andriashek. 
1985. Immobilization of polar bears with Telazol on the western coast of 
Hudson Bay during summer 1984. Can. Wildl. Serv. Progress Notes No. 
157, Canadian Wildlife Service, Edmonton, Alberta, Canada. 7pp. 
Strong, D. R. 1986. Density-vague population change. Trends Ecolo. Evol. 
1:39-42. 
Taylor, M. K., F. Bunnell, D. DeMaster, R. Schweinsburg, and J. Smith. 1987. 
ANURSUS: a population analysis system for polar bears. Int. Cont. Bear 
Res. and Manage. 7:117-125. 
__ ., ed. 1994. Density-dependent population regulation in black, brown, and 
polar bears. Int. Conf. Bear Res. and Manage. Monogr. Series No. 3. 
43pp. 
Walters, C. 1997. Challenges in adaptive management of riparian and coastal 
ecosystems. Cons. Ecol. [online] 1 (2): 1. available from the Internet. URL: 
http://www.consecol.org/vol1/iss2/art1 
Willey, C. 197 4. Aging black bears from first premolar tooth sections. J. Wild I. 
Manage. 38:97-100. 
Wimsatt, W. A. 1963. Delayed implantation in the Ursidae, with particular 
reference to the black bear (Ursus americanus Pallas). in: Delayed 
Implantation. Edited by A. C. Enders, Univ. of Chicago Press. Chicago, 
IL. 316 pp. 
Young, B. F., and R. L. Ruff. 1982. Population dynamics and movements of 
black bears in east central Alberta. J. Wildl. Manage. 46(4):845-860. 
203 
204 
APPENDICES 
APPENDIX A 
DAILY, SEASONAL AND ANNUAL SURVIVAL OF RADIO-COLLARED 
FEMALE BLACK BEARS IN MAINE, 1982-1996, BASED UPON 
HEISEY-FULLER MODEL (1985) 
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DAILY SURVIVAL AND MORTALITY RATE TABLES 
Table A.1. Daily survival and mortality rate calculations for radio-collared female black bears at Spectacle 
Pond, Maine 1982-1985. 
Mortalitll Source 
Disease• 
Starvation Other• Bear• 
Age N daJlS in N bear- Survival Hunting• Unknown Predation Predation 
Class Interval interval L, daJls x, fu Yl .!!lll. .llll. IDis. ~ IDis. ~ !TilL 
Adult Spring - Summer 118 8,694 0.99988 1 0.00000 0 0.00000 0 0.00000 0 0.00012 
Hunting Season 95 6,490 0.99800 13 0.00200 13 0.00000 0 0.00000 0 0.00000 
Den 151 9,777 0.99990 1 0.00000 0 0.00000 0 0.00000 0 0.00010 
Subadult Spring - Summer 118 1,315 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Hunting Season 95 1,422 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Den 151 1,696 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Yearling Spring - Summer 118 1,116 0.99642 4 0.00000 0 0.00269 3 0.00000 0 0.00090 
Hunting Season 95 573 0.99651 2 0.00349 2 0.00000 0 0.00000 0 0.00000 
Den 151 1,006 0.99901 1 0.00000 0 0.00000 0 0.00000 0 0.00099 
•-Legal hunting. 
•-sears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
'-Killed by an unidentified predator. 
•-Killed by another bear. 
YJz. 
0 
0 
0 
0 
0 
1\) 
0 
-.....! 
Table A.2. Daily survival and mortality rate calculations for radio-collared female black bears at Spectacle 
Pond, Maine 1986-1989. 
Mortali!}! Source 
Diseaseb 
Starvation Otherc Bear<i 
~ N daJls in N bear- Survival Hunting• Unknown Predation Predation 
Class Interval interval l1 daJlS X1 fu Yt !!!u. Ytt !!!!i .llis. !!!!i .llis. .!!1J:L 
Adult Spring - Summer 118 7,815 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Hunting Season 95 4,801 0.99667 16 0.00323 16 0.00000 0 0.00000 0 0.00000 
Den 151 9,181 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Subadult Spring - Summer 118 3,526 0.99943 2 0.00000 0 0.00000 0 0.00000 0 0.00057 
Hunting Season 95 1,990 0.99548 9 0.00452 . 9 0.00000 0 0.00000 0 0.00000 
Den 151 4,218 0.99976 1 0.00000 0 0.00000 0 0.00000 0 0.00024 
Yearling Spring - Summer 118 2,399 0.99875 3 0.00000 0 0.00083 2 0.00000 0 0.00042 
Hunting Season 95 1,608 0.99813 3 0.00187 3 0.00000 0 0.00000 0 0.00000 
Den 151 2,638 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
•-Killed by legal hunting. 
b-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
0
-Killed by an unidentified predator. 
d-Killed by another bear. 
'k 
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0 
0 
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Table A.3. Daily survival and mortality rate calculations for radio-collared female black bears at Spectacle 
Pond, Maine 1990-1996. 
Mortali~ Source 
Diseaseb 
Starvation Other• Bear<~ 
Age N daJlS in N bear- Survival Hunting• Unknown Predation Predation 
Class Interval interval L, daJls x, §L Yl .!Th1. Yu. .!!!!£ ~ ~ ~ .!!!rr. 
Adult Spring - Summer 118 14,807 0.99797 3 0.00000 0 0.00135 2 0.00007 1 0.00000 
Hunting Season 95 10,878 0.99936 7 0.00064 7 0.00000 0 0.00000 0 0.00000 
Den 151 18,794 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Subadult Spring - Summer 118 6,004 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Hunting Season 95 4,392 0.99909 4 0.00091 4 0.00000 0 0.00000 0 0.00000 
Den 151 6,626 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Yearling Spring - Summer 118 4,370 0.99931 3 0.00000 0 0.00686 3 0.00000 0 0.00000 
Hunting Season 95 3,290 0.99939 2 0.00608 2 0.00000 0 0.00000 0 0.00000 
Den 151 3,786 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
"-Killed by legal hunting. 
b-Bears found dead of natural causes, likely starvation; however, diesease could not be ruled out. 
•-Killed by an unidentified predator. 
d-Killed by another bear. 
YiL 
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0 
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Table A.4. Daily survival and mortality rate calculations for radio-collared female black bears at Stacyville, 
Maine 1982-1985. 
Mortalitll Source 
Diseasec 
Starvation Otherd Bear" 
Age N dal£S in N bear- Survival Hunting• Poachingb Unknown Predation Predation 
Class Interval interval L, daysx, § Vl .!!ill. Vu. rna ~ !Th5. h !Th5. h .!!!JL YrL 
Adult Spring - Summer 118 2,917 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 6,490 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 4,963 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Subadult Spring - Summer 118 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Yearling Spring - Summer 118 83 0.98795 1 0.00000 0 0.00000 0 0.01205 1 0.00000 0 0.00000 0 
Hunting Season 95 0 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 119 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
"-Killed by legal hunting. 
b-Killed by illegal hunting. 
0
-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
d-Killed by an unidentified predator. 
•-Killed by another bear. 
1\) 
....... 
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Table A.5. Daily survival and mortality rate calculations for radio-collared female black bears at Stacyville, 
Maine 1986-1989. 
Mortali~ Source 
Diseasec 
Starvation Otherd Bear" 
Age N days in N bear- Survival Hunting• Poachingb Unknown Predation Predation 
Class Interval interval L, days x, fu Vt .!!!11. Vll. J!!.M. h IDill fi IDill fi .!Thz. 
Adult Spring - Summer 118 2,544 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Hunting Season 95 1,941 0.99948 1 0.00052 1 0.00000 0 o,ooooo 0 0.00000 0 0.00000 
Den 151 3,145 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Subadult Spring - Summer 118 728 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Hunting Season 95 378 0.99471 2 0.00529 2 D.OOOOO 0 0.00000 0 0.00000 0 0.00000 
Den 151 815 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Yearling Spring - Summer 118 707 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
Hunting Season 95 390 0.99744 1 0.00256 1 0.00000 0 0.00000 0 0.00000 0 0.00000 
Den 151 696 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 
•-Killed by legal hunting. 
b-Killed by illegal hunting. 
0
-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
d-Killed by an unidentified predator. 
•-Killed by another bear. 
Yrz. 
0 
0 
0 
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0 
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0 
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Table A.6. Daily survival and mortality rate calculations for radio-collared female black bears at Stacyville, 
Maine 1990-1996. 
Mortali~ Source 
Disease• 
Starvatio Otherd Bear" 
Age N days in N bear- Survival Hunting• Poachingb Unknown Predation Predation 
Class Interval interval L, days x, 
.fu Yl .!!1u. Vu. ~ ~ .!Th5. Yl5. .!Th5. Yl5. .!!!rl: Yiz. 
Adult Spring - Summer 118 3,843 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 2,701 0.99926 2 0.00074 2 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 4,719 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Subadult Spring - Summer 118 1,669 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 1,244 0.99920 1 0.00008 1 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 2,055 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Yearling Spring - Summer 118 1 '161 0.99828 2 0.00000 0 0.00000 0 0.00172 2 0.00000 0 0.00000 0 
Hunting Season 95 654 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 1,081 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
•-Killed by legal hunting. 
b-Killed by illegal hunting. 
•-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
d-Killed by an unidentified predator. 
•-Killed by another bear. 
1\) 
_. 
1\) 
Table A.7. Daily survival and mortality rate calculations for radio-collared femal eblack bears at Bradford, Maine 
1982-1985. 
Mortality Source 
Diseased 
Starvation Other• Bear1 
~ N days in N bear- Survival Hunting• Autob Poaching• Unknown Predation Predation 
Class Interval interval L, daysx, § Vi .!Th:t Yll. !!!Ja Yla .!!!J! ~ ~ h ~ h .!Thz. Yrr 
Adult Spring - Summer 118 2,164 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 1,843 0.99783 4 0.00163 3 0.00000 0 0.00054 1 0.00000 0 0.00000 0 0.00000 0 
Den 151 2,396 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Subadult Spring - Summer 118 1,211 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 851 0.99648 3 0.00352 3 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 1,268 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Yearling Spring - Summer 118 388 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 309 0.98706 4 0.01294 4 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 316 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
•-Killed by legal hunting. 
b-Killed by collision with automobile. 
c-Killed by illegal hunting. 
d-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
•-Killed by an unidentified predator. 
~_Killed by another bear. 
[\) 
_._ 
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Table A.a. Daily survival and mortality rate calculations for radio-collared female black bears at Bradford, Maine 
1986-1989. 
Mortality Source 
Disease• 
Starvation Other• Bear' 
Age N da)ls in N bear- Survival Hunting• Autob Poachingc Unknown Predation Predation 
Class Interval interval L, da)ls x, fu Yt m.u. llu. .!!lJa Yla. !!!.Is. YM. .!Ths. h .!Ths. h mrr. Yrr 
Adult Spring - Summer 118 4,091 0.99760 1 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00024 
Hunting Season 95 3,174 0.99969 1 0.00032 1 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 5,021 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Subadult Spring - Summer 118 1,351 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 922 0.99566 4 0.00434 4 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 1,570 0.99936 1 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00064 
Yearling Spring - Summer 118 512 1.00000 0 . 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 430 0.99767 1 0.00233 1 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 481 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
•-Killed by legal hunting. 
b-Killed by illegal hunting. 
0
-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
d-Killed by an unidentified predator. 
•-Killed by another bear. 
1\J 
-L 
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Table A.9. Daily survival and mortality rate calculations for radio-collared female black bears at Bradford, Maine 
1990-1996. 
Mortali!x Source 
Diseased 
Starvation Other• Bear1 
Age N day:s in N bear- Survival Hunting• Autob Poaching• Unknown Predation Predation 
Class Interval interval L, day:s xi § Yt mu. Yu. .!!!Ja Yla .!!!a. ~ ~ ~ ~ .Yi6. .!Thz. YJ:L 
Adult Spring - Summer 118 10,805 0.99991 1 0.00000 0 0.00009 1 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 7,380 0.99810 14 0.00190 14 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Den 151 12,998 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Subadult Spring - Summer 118 4,175 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 2,342 0.99573 10 0.00342 8 0.00000 0 0.00085 2 0.00000 0 0.00000 0 0.00000 0 
Den 151 4,672 0.99979 1 0.00000 0 0.00000 0 0.00000 0 0.00021 1 0.00000 0 0.00000 0 
Yearling Spring - Summer 118 4,538 0.99956 2 0.00000 0 0.00000 0 0.00000 0 0.00044 2 0.00000 0 0.00000 0 
Hunting Season 95 3,048 0.99738 7 0.00230 6 0.00000 0 0.00000 0 0.00033 1 0.00000 0 0.00000 0 
Den 151 3,814 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
•-Killed by legal hunting. 
b-Killed by illegal hunting. 
•-Bears found dead of natural causes, likely starvation; however disease could not be ruled out. 
d-Killed by an unidentified predator. 
•-Killed by another bear. 
1\) 
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Table A.1 0. Daily survival and mortality rate calculations for radio-collared female black bears at Spectacle 
Pond, Maine- Even Years 1982-1996. 
Mortality Source 
Diseaseb 
Starvation Other Beard 
~ N days in N bear- Survival Hunting• Unknown Predation Predation 
Class Interval interval L, daysx, § Yt !!!u. .Yu. .!!!Js. ~ .!!!Js. ~ 1!I.Jz. Y.rz. 
Adult Spring - Summer 118 15,347 0.99980 3 0.00000 0 0.00007 1 0.00007 1 0.00007 
Hunting Season 95 11,629 0.99880 14 0.00120 14 0.00000 0 0.00000 0 0.00000 0 
Den 151 18,653 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Subadult Spring - Summer 118 5,108 0.99961 2 0.00000 0 0.00000 0 0.00000 0 0.00039 2 
Hunting Season 95 4,126 0.99855 6 0.00145 6 0.00000 0 0.00000 0 0.00000 0 
Den 151 5,609 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Yearling Spring - Summer 118 7,040 0.99872 9 0.00000 0 0.00099 7 0.00014 1 0.00014 
Hunting Season 95 5,061 0.99921 4 0.00079 4 0.00000 0 0.00000 0 0.00000 0 
Den 151 6,713 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
•-Killed by legal hunting. 
b-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
c-Killed by an unidentified predator. 
d-Killed by another bear. 
1\) 
_. 
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Table A.11. Daily survival and mortality rate calculations for radio-collared female black bears at Spectacle 
Pond, Maine- Odd Years 1983-1995. 
Mortalit)l Source 
Diseaseb 
Starvation Other• Bear<~ 
Age N daxs in N bear- Survival Hunting• Unknown Predation Predation 
Class Interval interval L, daxs x, fu .Yt ID.u. .llu. ~ h ~ h .!TilL Yrz_ 
Adult Spring - Summer 118 15,970 0.99994 1 0.00000 0 0.00006 1 0.00000 0 0.00000 0 
Hunting Season 95 10,540 0.99791 22 0.00209 22 0.00000 0 0.00000 0 0.00000 0 
Den 151 19,099 0.99995 1 0.00000 0 0.00000 0 0.00000 0 0.00005 
Subadult Spring - Summer 118 5,737 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 3,672 0.99809 7 0.00191 7 0.00000 0 0.00000 0 0.00000 0 
Den 151 6,931 0.99985 1 0.00000 0 0.00000 0 0.00000 0 0.00014 
Yearling Spring - Summer 118 845 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
Hunting Season 95 410 0.99268 3 0.00731 3 0.00000 0 0.00000 0 0.00000 0 
Den 151 717 1.00000 0 0.00000 0 0.00000 0 0.00000 0 0.00000 0 
•-Killed by legal hunting. 
b-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
'-Killed by an unidentified predator. 
d-Killed by another bear. 
1\) 
__._ 
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Table A.12. Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Spectacle Pond, Maine 
1982-1985. 
Interval Rate Mortalitl( Source 
N days Disease• 
!n Starvation Other" Bear" 
~ Interval N bear- Survival Hunting• Unknown Predation Predation 
Class Interval 
.!.. .!!l!vtlJ ~ .Mu .M.. M.. .Mu 
Adult Spring- Summer 118 8,695 0.98652 0.00000 0.00000 0.00000 0.01348 
Variance: 0.00018 0.00000 0.00000 0.00000 0.00018 
SE: 0.00014 0.00000 0.00000 0.00000 0.00014 
Hunting Season 95 6,490 0.82656 0.17344 0.00000 0.00000 0.00000 
Variance: 0.00191 0.00191 0.00000 0.00000 0.00000 
SE: 0.00054 0.00054 0.00000 0.00000 0.00000 
Den 151 9,777 0.98467 0.00000 0.00000 0.00000 0.01533 
Variance: 0.00023 0.00000 0.00000 0.00000 0.00023 
SE: 0.00015 0.00000 0.00000 0.00000 0.00015 
Annual 0.80292 0.17110 0.00000 0.00000 0.02598 
Rates: 
Variance: 0.00207 0.00186 0.00000 0.00000 0.00033 
SE: 0.00029 0.00027. 0.00000 0.00000 0.00011 
Subadult Spring - Summer 118 1,315 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE:· 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 1,422 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Den 151 1,696 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 1.00000 0.00000 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE 0.00000 0.00000 0.00000 0.00000 0.00000 
Yearling Spring - Summer 118 1,116 0.65462 0.00000 0.25903 0.00000 0.08634 
Variance: 0.01923 0.00000 0.01641 0.00000 0.00679 
SE: 0.00415 0.00000 0.00383 0.00000 0.00247 
Hunting Season 95 573 0.71737 0.28263 0.00000 0.00000 0.00000 
Variance: 0.02839 0.02839 0.00000 0.00000 0.00000 
SE: 0.00704 0.00704 0.00000 0.00000 0.00000 
Den 151 1,006 0.86056 0.00000 0.00000 0.00000 0.13944 
Variance: 0.01670 0.00000 0.00000 0.00000 0.01670 
SE: 0.00407 0.00000 0.00000 0.00000 0.00407 
Annual 0.40412 0.18502 0.25903 0.00000 0.15183 
Rates: 
Variance: 0.02002 0.01370 0.01641 0.00000 0.00994 
SE: 0.00273 0.00225 0.00247 0.00000 0.00192 
•-Legal Hunting. 
b-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
0
-Killed by an unidentified predator. 
d-Killed by another bear. 
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Table A.13. Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Spectacle Pond, Maine 
1986-1989. 
Interval Rates Mortali~ Source 
~ Disease• 
l!!. Starvation 
A9l! Interval N bear- Survival Hunting• Unknown 
~ Interval .b days x, .§.. Mn M.. 
Adult Spring - Summer 118 7,815 1.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 
Hunting Season 95 4,801 0.72824 0.27176 0.00000 
Variance: 0.00334 0.00334 
SE: 0.00083 0.00083 0.00000 
Den 151 9,181 1.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 
Annual 0.72824 0.27176 0.00000 
Rates: 
Variance: 0.00334 0.00334 0.00000 
SE: 0.00039 0.00039 0.00000 
Subadult Spring - Summer 118 3,526 0.93524 0.00000 0.00000 
Variance: 0.00196 0.00000 0.00000 
SE:. 0.00075 0.00000 0.00000 
Hunting Season 95 1,990 0.65010 0.34990 0.00000 
Variance: 0.00871 0.00871 0.00000 
SE: 0.00209 0.00209 0.00000 
Den 151 4,218 0.96483 0.00000 0.00000 
Variance: 0.00119 0.00000 0.00000 
SE: 0.00053 0.00000 0.00000 
Annual 0.58662 0.32724 0.00000 
Rates: 
Variance: 0.00830 0.00786 0.00000 
SE 0.00092 0.00090 0.00000 
Yearling Spring - Summer 118 2,399 0.86273 0.00000 0.09151 
Variance: 0.00541 0.00000 0.00380 
SE: 0.00150 0.00000 0.00126 
Hunting Season 95 1,608 0.83744 0.16256 0.00000 
Variance: 0.00736 0.00736 0.00000 
SE: 0.00214 0.00214 0.00000 
Den 151 2,638 1.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 
Annual 0.72249 0.14024 0.09151 
Rates: 
Variance: 0.00927 0.00562 0.00380 
SE: 0.00118 0.00092 0.00076 
"-Killed by legal hunting. 
b-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
0
-Killed by an unidentified predator. 
d-Killed by another bear. 
Other< 
Predation 
.M.. 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
Bear" 
Predation 
Mu. 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.01533 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.06476 
0.00196 
0.00075 
0.00000 
0.00000 
0.00000 
0.03517 
0.00119 
0.00053 
0.08614 
0.00232 
0.00049 
0.04576 
0.00200 
0.00091 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04576 
0.00200 
0.00055 
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Table A.14. Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Spectacle Pond, Maine 
1990-1996. 
Interval Rates Mortalitll Source 
N days Disease' 
!n Starvation Other" Bear" 
~ Interval N bear· Survival Hunting' Unknown Predation Predation 
~ Interval .!.. days x, .§.. .Ma I& fda .Ma 
Adull Spring - Summer 118 14,807 0.97637 0.00000 0.01575 0.00788 0.00000 
Variance: 0.00018 0.00000 0.00012 0.00006 0.00000 
SE: 0.00011 0.00000 0.00009 0.00006 0.00000 
Hunting Season 95 10,878 0.94068 0.05932 0.00000 0.00000 0.00000 
Variance: 0.00047 0.00047 0.00000 0.00000 0.00000 
SE: 0.00021 0.00021 0.00000 0.00000 0.00000 
Den 151 18,794 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.91846 0.05792 0.01575 0.00788 0.00000 
Rates: 
Variance: 0.00061 0.00045 0.00012 0.00006 0.00000 
SE: 0.00012 0.00010 0.00005 0.00004 0.00000 
Subadult Spring - Summer 118 6,004 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 4,392 0.91708 0.08292 0.00000 0.00000 0.00000 
Variance: 0.00158 0.00158 0.00000 0.00000 0.00000 
SE: 0.00060 0.00060 0.00000 0.00000 0.00000 
Den 151 6,626 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.91708 0.08292 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.00158 0.00158 0.00000 0.00000 0.00000 
SE 0.00030 0.00030 0.00000 0.00000 0.00000 
Yearling Spring - Summer 118 4,370 0.92216 0.00000 0.07784 0.00000 0.00000 
Variance: 0.00186 0.00000 0.00186 0.00000 0.00000 
SE: 0.00065 0.00000 0.00065 0.00000 0.00000 
Hunting Season . 95 3,290 0.94386 0.05613 0.00000 0.00000 0.00000 
Variance: 0.00149 0.00149 0.00000 0.00000 0.00000 
SE: 0.00067 0.00067 0.00000 0.00000 0.00000 
Den 151 3,786 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.87040 0.05176 0.07784 0.00000 0.00000 
Rates: 
Variance: 0.02292 0.00127 0.00186 0.00000 0.00000 
SE: 0.00142 0.00033 0.00040 0.00000 0.00000 
•-Killed by legal hunting. 
b-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
0
-Killed by an unidentified predator. 
d-Killed by another bear. 
222 
Table A.15. Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Stacyville, Maine 1982-1985. 
Interval Rates Mortalit~ Source 
.ti!!m. Disease' 
!D. Starvation Other" Bear" 
lli Interval N bear- Survival Hunting• Unknown Predation Predation 
Class lll!irJlJ!l. .b days x, ~ .Mu Ms. .M.. Ma 
Adult Spring • Summer 118 2,917 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 6,490 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Den 151 4,963 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 1.00000 0.00000 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Subadult Spring· Summer 118 0 0.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 0 0.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Den 151 0 0.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.00000 0.00000 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE 0.00030 0.00030 0.00000 0.00000 0.00000 
Yearling Spring • Summer 118 83 0.23923 0.00000 0.76077 0.00000 0.00000 
Varlahce: 0.11709 0.00000 0.11709 0.00000 0.00000 
SE: 0.03756 0.00000 0.03756 0.00000 0.00000 
Hunting Season 95 0 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Den 151 119 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.23923 0.05176 0.76077 0.00000 0.00000 
Rates: 
Variance: 0.11709 0.00000 0.11709 0.00000 0.00000 
SE: 0.02408 0.00033 0.02408 0.00000 0.00000 
"·Killed by legal hunting. 
b-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
•-Killed by an unidentified predator. 
d-Killed by another bear. 
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Table A.16. Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Stacyville, Maine 1986-1989. 
Interval Rates Mortalitll Source 
~ Disease' 
!n Starvation Other' Bear" 
AM Interval N bear- Survival Huntlna' Unknown Predation Predation 
.!<lJ!n Interval .b .!il!:iul §J .Ma .Ma .Ma .M.z 
Adult Spring - Summer 118 2,544 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 1,941 0.95222 0.04778 0.00000 0.00000 0.00000 
Variance: 0.00217 0.00217 0.00000 0.00000 0.00000 
SE: 0.00106 0.00106 0.00000 0.00000 0.00000 
Den 151 3,145 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.95222 0.04778 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.00217 0.00217 0.00000 0.00000 0.00000 
SE: 0.00053 0.00053 0.00000 0.00000 0.00000 
Subadult Spring - Summer 118 728 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 378 0.60412 0.39588 0.00000 0.00000 0.00000 
Variance: 0.04635 0.04635 0.00000 0.00000 0.00000 
SE: 0.01107 0.01107 0.00000 0.00000 0.00000 
Den 151 815 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.60412 0.39588 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.04635 0.04635 0.00000 0.00000 0.00000 
SE 0.00491 0.00491 0.00000 0.00000 0.00000 
Yearling Spring - Summer 118 707 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 390 0.78356 0.21644 0.00000 0.00000 0.00000 
Variance: 0.03652 0.03652 0.00000 0.00000 0.00000 
SE: 0.00968 0.00968 0.00000 0.00000 0.00000 
Den 151 696 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.78356 0.21644 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.03652 0.03652 0.00000 0.00000 0.00000 
SE: 0.00451 0.00451 0.00000 0.00000 0.00000 
•-Killed by legal hunting. 
b-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
0
-Killed by an unidentified predator. 
d-Killed by another bear. 
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Table A.17. Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Stacyville, Maine 1990-1996. 
Interval Rates Mortalitll Source 
.!!!.J!.m. Disease' 
!n Starvation Other" Bear" 
~ Interval N bear- Survival Hunting• Unknown Predation Predation 
Class Interval .!, ~ .s.. .Mu .Mu M.. .Mu 
Adult Spring- Summer 118 3,843 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 2,701 0.93205 0.06795 0.00000 0.00000 0.00000 
Variance: 0.00215 0.00215 0.00000 . 0.00000 0.00000 
SE: 0.00089 0.00089 0.00000 0.00000 0.00000 
Den 151 4,719 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.93205 0.06795 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.00215 0.00215 0.00000 0.00000 0.00000 
SE: 0.00044 0.00044 0.00000 0.00000 0.00000 
Subadult Spring - Summer 118 1,669 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 1,244 0.92644 0.07355 0.00000 0.00000 0.00000 
Variance: 0.00501 0.00501 0.00000 0.00000 0.00000 
SE: 0.00201 0.00201 0.00000 0.00000 0.00000 
Den 151 2,055 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.92644 0.07355 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.00501 0.00501 0.00000 0.00000 0.00000 
SE 0.00100 0.00100 0.00000 0.00000 0.00000 
Yearling Spring - Summer 118 1,161 0.81591 0.00000 0.18409 0.00000 0.00000 
Variance: 0.01378 0.00000 0.01378 0.00000 0.00000 
SE: 0.00344 0.00000 0.00344 0.00000 0.00000 
Hunting Season 95 654 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Den 151 1,081 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.81591 0.00000 0.18409 0.00000 0.00000 
Rates: 
Variance: 0.03178 0.00000 0.01378 0.00000 0.00000 
SE: 0.00218 0.00000 0.00218 0.00000 0.00000 
•-Killed by legal hunting. 
b-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
0
-Killed by an unidentified predator. 
d-Killed by another bear. 
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Table A.18. Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Bradford, Maine 1982-1985. 
Interval Rates Mortality Source 
ti.!!J!n Disease' 
!D. Starvation Other" Bear" 
AM Interval N bear- Survival Hunting' Unknown Predation Predation 
~ Interval 
-"' 
days x, ~ .Mu .M.. Mo. .Mu 
Adult Spring - Summer 118 2,164 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 1,843 0.81350 0.13988 0.04663 0.00000 0.00000 
Variance: 0.00705 0.00560 0.00207 0.00000 0.00000 
SE: 0.00196 0.00174 0.00106 0.00000 0.00000 
Den 151 2,396 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.81350 0.13988 0.04663 0.00000 0.00000 
Rates: 
Variance: 0.00705 0.00560 0.00207 0.00000 0.00000 
SE: 0.00105 0.00093 0.00057 0.00000 0.00000 
Subadult Spring - Summer 118 1,211 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 852 0.71527 0.28473 0.00000 0.00000 0.00000 
Variance: 0.01915 0.01915 0.00000 0.00000 0.00000 
SE: 0.00474 0.00474 0.00000 0.00000 0.00000 
Den 151 1,268 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.71527 0.28473 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.01915 0.01915 0.00000 0.00000 0.00000 
SE 0.00240 0.00240 0.00000 0.00000 0.00000 
Yearling Spring - Summer 118 388 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Hunting Season 95 309 0.29002 0.70998 0.00000 0.00000 0.00000 
Variance: 0.03222 0.03222 0.00000 0.00000 0.00000 
SE: 0.01021 0.01021 0.00000 0.00000 0.00000 
Den 151 316 1.00000 0.00000 0.00000 0.00000 0.00000 
Variance: 0.00000 0.00000 0.00000 0.00000 0.00000 
SE: 0.00000 0.00000 0.00000 0.00000 0.00000 
Annual 0.29002 0.70998 0.00000 0.00000 0.00000 
Rates: 
Variance: 0.03222 0.03222 0.00000 0.00000 0.00000 
SE: 0.00564 0.00564 0.00000 0.00000 0.00000 
•-Killed by legal hunting. 
b-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
•-Killed by an unidentified predator. 
d-Killed by another bear. 
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Table A.19. Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Bradford, Maine 1986-1989. 
Adult Spring • Summer 118 
Hunting Season 95 
Den 151 
Subadult Spring • Summer 118 
Hunting Season 95 
Den 151 
Yearling Spring· Summer 118 
Hunting Season 95 
Den 151 
"·Killed by legal hunting. 
b-Killed by automobile collision. 
0
-Killed by illegal hunting. 
Interval Rates 
4,091 
Variance: 
SE: 
3,174 
Variance: 
SE: 
5,021 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE: 
1,351 
Variance: 
SE: 
922 
Variance: 
SE: 
1,570 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE 
512 
Variance: 
SE: 
430 
Variance: 
SE: 
481 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE: 
0.97156 
0.00079 
0.00044 
0.97051 
0.00084 
0.00052 
1.00000 
0.00000 
0.00000 
0.94291 
0.00154 
0.00035 
1.00000 
0.00000 
0.00000 
0.66163 
0.01867 
0.00450 
0.90827 
0.00764 
0.00221 
0.60094 
0.01875 
0.00221 
1.00000 
0.00000 
0.00000 
0.80157 
0.03143 
0.00855 
1.00000 
0.00000 
0.00000 
0.80157 
0.03143 
0.00470 
0.00000 
0.00000 
0.00000 
0.02949 
0.00084 
0.00052 
0.00000 
0.00000 
0.00000 
0.02865 
0.00080 
0.00025 
0.00000 
0.00000 
0.00000 
0.33837 
0.01867 
0.00450 
0.00000 
0.00000 
0.00000 
0.33837 
0.01867 
0.00220 
0.00000 
0.00000 
0.00000 
0.19843 
0.03143 
0.00855 
0.00000 
0.00000 
0.00000 
0.19843 
0.03143 
0.00470 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
Mortality Source 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
~ 
Starvation 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
d-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
•-Killed by an unidentified predator. 
'-Killed by another bear. 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.02844 
0.00079 
0.00044 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.02844 
0.00079 
0.00025 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.09173 
0.00764 
0.00221 
0.06069 
0.00350 
0.00095 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
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Table A.20. Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Bradford, Maine 1990-1996. 
Interval Rates 
Adult Spring • Summer 
H unling Season 
Den 
Subadull Spring • Summer 
Hunllng Season 
Den 
Yearling Spring • Summer 
Hunting Season 
Den 
N days 
!.!l. 
Interval 
.!.. 
118 
95 
151 
118 
95 
151 
118 
95 
151 
•-Killed by legal hunting. 
b-Killed by automobile collision. 
0
-Killed by illegal hunting. 
10,805 
Variance: 
SE: 
7,380 
Variance: 
SE: 
12,998 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE: 
4,175 
Variance: 
SE: 
2,342 
Variance: 
SE: 
4,672 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE 
4,538 
Variance: 
SE: 
3,048 
Variance: 
SE: 
3,814 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE: 
0.98914 
0.00012 
0.00010 
0.83495 
0.00162 
0.00047 
1.00000 
0.00000 
0.00000 
0.82588 
0.00167 
0.00023 
1.00000 
0.00000 
0.00000 
0.66597 
0.00733 
0.00177 
0.96819 
0.00098 
0.00046 
0.64479 
0.00730 
0.00081 
0.94931 
0.00122 
0.00052 
0.77906 
0.00473 
0.00125 
1.00000 
0.00000 
0.00000 
0.73957 
0.00500 
0.00066 
0.00000 
0.00000 
0.00000 
0.16505 
0.00162 
0.00047 
0.00000 
0.00000 
0.00000 
0.16326 
0.00159 
0.00023 
0.00000 
0.00000 
0.00000 
0.26722 
0.00648 
0.00166 
0.00000 
0.00000 
0.00000 
0.26722 
0.00648 
0.00076 
0.00000 
0.00000 
0.00000 
0.19330 
0.03429 
0.00119 
0.00000 
0.00000 
0.00000 
0.18353 
0.03391 
0.00059 
Mortality Source 
0.01086 
0.00117 
0.00033 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.01086 
0.00117 
0.00019 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.06681 
0.00208 
0.00094 
0.00000 
0.00000 
0.00000 
0.06681 
0.00207 
0.00043 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
Disease' 
Starvation 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.03181 
0.00098 
0.00046 
0.02118 
0.0004.4 
0.00020 
0.05069 
0.00122 
0.00052 
0.02762 
0.00074 
0.00049 
0.00000 
0.00000 
0.00000 
0.07691 
0.00182 
0.00040 
d-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
"-Killed by an unidentified predator. 
'-Killed by another bear. 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
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Table A.21 . Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Spectacle Pond, Maine 
1982-1996 (Even Years). 
Adult Spring • Summer 118 
Hunting Season 95 
Den 151 
Subadult Spring • Summer 118 
Hunting Season 95 
Den 151 
Yearling Spring • Summer 118 
Hunting Season 95 
Den 151 
•-Killed by legal hunting. 
b·Killed by automobile collision. 
0
-Killed by illegal hunting. 
Interval Rates 
15,347 
Variance: 
SE: 
11,629 
Variance: 
SE: 
18,653 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE: 
5,108 
Variance: 
SE: 
4,126 
Variance: 
SE: 
5,609 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE 
7,040 
Variance: 
SE: 
5,061 
Variance: 
SE: 
6,713 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE: 
0.97720 
0.00017 
0.00010 
0.89186 
0.00074 
0.00025 
1.00000 
0.00000 
0.00000 
0.87153 
0.00085 
0.00014 
0.95484 
0.00097 
0.00044 
0.87106 
0.00241 
0.00076 
1.00000 
0.00000 
0.00000 
0.83173 
0.00294 
0.00044 
0.85989 
0.00189 
0.00052 
0.92764 
0.00121 
0.00049 
1.00000 
0.00000 
0.00000 
0.79766 
0.00258 
0.00037 
0.00000 
0.00000 
0.00000 
0.10813 
0.00074 
0.00025 
0.00000 
0.00000 
0.00000 
0.10567 
0.00071 
0.00012 
0.00000 
0.00000 
0.00000 
0.12312 
0.00221 
0.00073 
0.00000 
0.00000 
0.00000 
0.12312 
0.00221 
0.00039 
0.00000 
0.00000 
0.00000 
0.07236 
0.00121 
0.00049 
0.00000 
0.00000 
0.00000 
0.06222 
0.00091 
0.00022 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
Mortality Source 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00043 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
Disease' 
Starvation 
0.00760 
0.00006 
0.00006 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00760 
0.00006 
0.00004 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00020 
0.10897 
0.00151 
0.00046 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.10897 
0.00151 
0.00028 
d-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
•-Killed by an unidentified predator. 
1
-Killed by another bear. 
0.00760 
0.00006 
0.00006 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00760 
0.00006 
0.00004 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.01557 
0.00024 
0.00018 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.01557 
0.00024 
0.00011 
0.00760 
0.00006 
0.00006 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00760 
0.00006 
0.00004 
0.04516 
0.00097 
0.00044 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04516 
0.00097 
0.00026 
0.01557 
0.00024 
0.00018 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.01557 
0.00024 
0.00011 
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Table A.22. Interval and annual survival and mortality rate calculations for 
radio-collared female black bears at Spectacle Pond, Maine 
1983-1995 (Odd Years). 
Interval Rates 
Adult Spring • Summer 
Hunting Season 
Den 
Subadult Spring • Summer 
Hunting Season 
Den 
Yearling Spring • Summer 
Hunting Season 
Den 
N days 
!n 
Interval 
.b. 
116 
95 
151 
116 
95 
151 
116 
95 
151 
"·Killed by legal hunting. 
b-Killed by automobile collision. 
'-Killed by illegal hunting. 
15,970 
Variance: 
SE: 
10,540 
Variance: 
SE: 
19,099 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE: 
5,737 
Variance: 
SE: 
3,672 
Variance: 
SE: 
6,931 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE 
645 
Variance: 
SE: 
410 
Variance: 
SE: 
717 
Variance: 
SE: 
Annual 
Rates: 
Variance: 
SE: 
0.99264 
0.00005 
0.00006 
0.61996 
0.00120 
0.00034 
0.99212 
0.00006 
0.00006 
0.60751 
0.00124 
0.00016 
1.00000 
0.00000 
0.00000 
0.63421 
0.00327 
0.00094 
0.97645 
0.00045 
0.00026 
0.61623 
0.00344 
0.00046 
1.00000 
0.00000 
0.00000 
0.49773 
0.04020 
0.00990 
1.00000 
0.00000 
0.00000 
0.49774 
0.04020 
0.00451 
0.00000 
0.00000 
0.00000 
0.16003 
0.00120 
0.00034 
0.00000 
0.00000 
0.00000 
0.17671 
{),00119 
0.00016 
0.00000 
0.00000 
0.00000 
0.16579 
0.00327 
0.00094 
0.00000 
0.00000 
0.00000 
0.16579 
0.00327 
0.00045 
0.00000 
0.00000 
0.00000 
0.50226 
0.04020 
0.00990 
0.00000 
0.00000 
0.00000 
0.50226 
0.04020 
0.00451 
Mortality Source 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0,00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00043 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
Disease' 
Starvation 
0.00736 
0.00005 
0.00006 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00736 
0.00005 
0.00003 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00020 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
d-Bears found dead of natural causes, likely starvation; however, disease could not be ruled out. 
•-Killed by an unidentified predator. 
'-Killed by another bear. 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00785 
0.00006 
0.00006 
0.00641 
0.00004 
0.00003 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.02135 
0.00044 
0.00025 
0.01794 
0.00032 
0.00014 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
230 
APPENDIX B 
WINTER-SPRING-SUMMER WEIGHT RELATIONSHIPS OF MAINE BLACK 
BEARS 
Table 8.1 . Body weight of black bears by age, sex, and season in the Spectacle Pond Study Area, Maine 1982-1996. 
Body weight (kg) 
Late winter Late spring Early summer 
7 February-31 March 11 May-7 June 8 June-15 July 
Sex Age X SE n X SE n X SE n 
Males 0 2.1 0.04 153 19.3 4.8 2 
1 12.5 0.7 38 16.4 2.4 5 21.4 3.2 9 
2 45.9 3.5 10 43.6 5.0 11 
3 51.3 2.4 27 57.7 2.1 36 
4 66.2 4.7 5 70.5 4.2 7 
5 81.8 4.4 14 91.2 6.6 10 
6 93.0 13.2 4 92.9 15.8 3 
7+ 121.2 8.0 11 122.1 7.1 15 
Non- 0 2.1 0.04 153 10.5 0 1 
lactating 1 12.6 0.7 40 13.6 0.8 8 14.5 0.8 7 
females 2 25.5 1.9 16 24.8 6.5 3 
3 42.1 3.1 10 35.6 1.4 7 39.9 3.5 15 
4 44.8 1.8 21 39.0 0 1 46.9 2.2 5 
5 43.3 1.9 19 46.7 6.1 10 47.1 2.6 8 
6 51.7 2.4 7 56.3 2.9 4 
7+ 57.2 2.0 44 51.2 2.4 11 59.2 3.3 19 
Lactating 
females 4 54.3 2.1 13 50.0 0 1 
5 60.9 3.0 10 46.4 0 1 
6 61.3 2.4 25 47.3 0 1 50.9 0 1 
7+ 69.5 1.3 62 53.6 0 1 60.5 3.0 5 
1\) 
UJ 
__._ 
Table 8.2. Body weight of black bears by age, sex, and season in the Spectacle Pond Study Area, Maine. Odd years 
1983-1995. 
Bod~ weight (kg} 
Late winter Late spring Early summer 
7 February-31 March 11 May-7 June 8 June-15 Jul~ 
Sex Age X SE n X SE n X SE n 
Males 0 2.1 0.04 150 19.3 4.8 2 
1 19.5 0 1 32.7 0.0 1 
2 48.2 5.4 2 56.1 27.9 2 
3 75.4 0 1 68.3 6.9 4 
4 72.8 0 1 76.0 5.8 4 
5 
6 125 0 1 
7+" 144.1 0 1 
Non- 0 2.1 0.04 140 10.5 0 1 
lactating 1 15.4 1.6 5 
females 2 25.8 2.0 15 
3 44.0 7.3 4 
4 43.7 2.0 17 50.0 0 2 
5 100 0 1 57.3 0 1 
6 63.6 0 1 
7+ 69.1 5.2 9 65.4 2.7 2 
Lactating 
females 4 54.3 2.1 13 50.0 0 1 
5 64.2 2.8 7 
6 60.5 2.4 24 
7+ 70.6 1.3 58 62.0 8.0 2 
1\) 
c.u 
1\) 
Table 8.3. Body weight of black bears by age, sex, and seaso~ in the Spectacle Pond Study Area, Maine. Even years 
1982-1996. 
Bod~ weight {kg} 
Late winter Late spring Early summer 
7 February-31 March 11 May-7 June 8 June-15 July 
Sex Age X SE n X SE n X SE n 
Males 0 1.5 0.12 3 
1 12.3 0.7 37 16.4 2.4 5 20.0 3.3 8 
2 42.3 4.3 8 40.9 3.4 9 
3 50.3 2.3 26 56.4 2.2 32 
4 64.6 5.7 4 63.3 2.9 3 
5 81.8 4.4 14 91.2 6.6 10 
6 82.4 11.1 3 92.9 15.8 3 
7+ 118.9 8.5 10 122.1 7.1 15 
Non- 0 1.7 0.2 13 
lactating 1 12.2 0.7 35 13.6 0.8 8 14.5 0.8 7 
females 2 20.0 0.0 1 24.8 6.5 3 
3 40.9 2.4 6 35.6 1.4 7 39.9 3.5 15 
4 49.3 3.3 4 39.0 0.0 1 44.8 3.2 3 
5 43.3 1.9 19 40.8 1.5 9 45.6 2.5 7 
6 49.7 1.6 6 56.2 2.9 4 
7+ 54.2 1.9 35 51.2 2.4 11 58.5 3.6 17 
Lactating 
females 4 
5 53.2 6.0 3 46.4 0.0 1 
6 81.8 0.0 1 47.3 0.0 1 50.9 0.0 1 
7+ 54.0 2.1 4 53.6 0.0 1 59.5 2.8 3 
1\) 
Ul 
Ul 
Table 8.4. Body weight of black bears by age, sex, and season in the Stacyville Study Area, Maine - 1982-1996. 
Body weight (kg} 
Late winter Late spring Early summer 
7 February-31 March 11 May-7 June 8 June-15 July 
Sex Age X SE n X SE n X SE 
Males 0 2.2 0.05 61 
1 18.1 1.2 14 
2 
3 
4 
5 
6 
7+ 
Non- 0 2.1 0.07 40 
lactating 1 14.2 1.2 13 
females 2 26.4 2.2 7 
3 35.2 3.0 3 
4 45.7 5.7 6 
5 48.8 0.2 2 
6 60.9 0.0 1 
7+ 59.2 3.3 13 
Lactating 
females 4 47.7 0.5 2 
5 62.7 2.6 7 
6 62.7 0.0 1 
7+ 73.8 1.4 27 
n 
1\) 
c.:> 
~ 
Table B.S. Body weight of black bears by age, sex, and season in the Bradford Study Area, Maine- 1982-1996. 
Bod:t weight (kg} 
Late winter Late spring Early summer 
7 February-31 March 11 May-7 June 8 June-15 Jul~ 
Sex Age X SE n X SE n X SE 
Males 0 2.1 0.05 110 5.9 0.0 
1 18.4 0.9 34 23.2 5.6 8 25.1 2.3 
2 46.2 2.5 17 51.4 2.0 
3 69.3 5.9 18 65.0 4.4 
4 88.7 6.5 7 81.6 5.6 
5 127.5 2.5 2 99.9 8.7 
6 90.9 0.0 1 101.4 19.1 
7+ 109.5 6.4 5 102.7 4.0 
Non- 0 2.0 0.1 86 9.1 0.0 
lactating 1 18.0 0.8 28 14.8 1.1 9 19.0 3.1 
females 2 28.7 1.3 17 33.2 1.9 7 36.0 2.2 
3 40.1 1.3 10 43.3 3.1 3 41.0 2.3 
4 46.2 3.3 3 45.3 4.8 4 51.7 3.7 
5 48.8 4.2 4 57.7 8.6 3 52.7 3.7 
6 52.6 5.8 3 
7+ 59.7 1.7 27 60.1 2.4 4 56.8 2.6 
Lactating 3 40.9 0.0 1 
females 4 52.8 2.4 9 48.2 0.0 1 
5 54.6 3.8 9 50~0 0.0 1 58.2 8.6 
6 58.9 2.7 8 54.1 4.1 2 46.6 0.7 
7+ 68.2 1.4 51 50.0 0.0 1 63.2 0.0 
n 
1 
12 
30 
17 
9 
7 
2 
5 
1 
6 
8 
7 
4 
2 
11 
2 
2 
1 
1\) 
w 
01 
Table 8.6. Body weight of black bears by age, sex, and season in the Bradford Study Area, Maine. Odd years 
1983-1995. 
Bod~ weight {kg} 
Late winter Late spring Early summer 
7 February-31 March 11 May-7 June 8 June-15 July 
Sex Age X SE n X SE n X SE 
Males 0 2.2 0.06 60 5.9 0.0 
1 18.1 1.6 14 17.3 1.8 2 27.3 3.1 
2 45.0 2.3 14 51.4 2.3 
3 65.0 6.1 13 61.3 4.5 
4 87.7 7.6 6 78.2 7.6 
5 130.0 0.0 1 94.5 11.3 
6 101.4 19.1 
7+ 110.0 6.1 3 101.8 7.3 
Non- 0 2.1 0.06 51 9.1 0.0 
lactating 1 16.7 2.1 7 16.4 4.1 2 17.4 0.5 
females 2 31.4 1.5 8 33.1 2.3 6 36.7 3.0 
3 40.5 0.5 2 43.3 3.1 3 
4 45.5 0.0 1 45.3 4.8 4 52.3 5.2 
5 48.2 0.0 1 49.1 0.0 
6 49.6 8.7 2 
7+ 55.9 3.5 8 64.1 1.4 2 54.8 3.4 
Lactating 
females 4 52.3 1.9 6 48.2 0.0 1 
5 51.5 . 1.6 3 50.0 0.0 1 58.2 8.6 
6 58.3 3.1 7 54.1 4.1 2 46.6 0.7 
7+ 70.3 2.0 27 50.0 0.0 1 63.2 0.0 
n 
1 
7 
18 
13 
6 
4 
2 
2 
1 
3 
6 
3 
1 
6 
2 
2 
1 
1\) 
UJ (j) 
Table 8.7. Body weight of black bears by age, sex, and season in the Bradford Study Area, Maine. Even years 
1982-1996. 
Bod~ weight {kg) 
Late winter Late spring Early summer 
7 February-31 March 11 May-7 June 8 June-15 Jul:i 
Sex Age X SE n X SE n X SE 
Males 0 1.9 0.07 50 
1 18.6 1.2 20 25.1 7.4 6 22.1 3.0 
2 51.9 6.3 3 51.3 3.7 
3 80.5 13.7 5 76.9 11.0 
4 91.8 0 1 88.5 7.1 
5 125.0 0 1 107.0 15.1 
6 90.9 0 1 
7+ 108.9 17.1 2 103.3 5.9 
Non- 0 1.9 0.09 35 
lactating 1 18.4 0.9 21 14.3 1.0 7 20.5 6.6 
females 2 26.3 1.7 9 33.6 0 1 34.1 0.5 
3 40.1 1.6 8 41.0 2.3 
4 46.6 5.7 2 50.0 0 
5 49.0 5.9 3 57.7 8.6 3 56.4 0 
6 58.6 0 1 
7+ 61.4 1.8 19 56.1 0.7 2 59.1 4.1 
Lactating 3 40.9 0 1 
females 4 53.9 6.9 3 
5 56.2 5.7 6 
6 62.7 0 1 
7+ 65.9 1.9 24 
n 
5 
12 
4 
3 
3 
3 
3 
2 
7 
1 
1 
5 
1\J 
VJ 
--...1 
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APPENDIX C 
DENSITY INDICES FOR FEMALE BLACK BEARS AT SPECTACLE POND 
AND BRADFORD STUDY AREAS, 1985-1995, BY AGE CLASS 
,---
Table C.1. Density indices for female black bears on the Spectacle Pond study area. 
Year Area of Composite Polygon(km2) Ageclass n Density Index (bears/km2) 
1985 261.6 Adult 18 0.069 
Subadult 9 0.030 
Yearling 2 0.008 
Cub 25 0.100 
Total 54 0.207 
1989 414.7 Adult 25 0.060 
Subadult 4 0.010 
Yearling 1 0.002 
Cub 20 0.048 
Total 50 0.120 
1990 343.8 Adult 19 0.055 
Subadult 12 0.035 
Yearling 0 0.000 
Cub 0 0.000 
Total 31 0.090 
1995 287.5 Adult 23 0.080 
Subadult 6 0.021 
Yearling 1 0.003 
Cub 16 0.056 
Total 46 0.157 
1\J 
w 
<0 
Table C.2. Density indices for female black bears on the Bradford study area. 
Year Area of Composite Polygon(km2) Ageclass· n Density Index (bears/km2) 
1985 198.6 Adult 6 0.030 
Subadult 6 0.030 
Yearling 0 0.000 
Cub 7 0.035 
Total 19 0.095 
1989 299.9 Adult 16 0.053 
Subadult 5 0.017 
Yearling 0 0.000 
Cub 9 0.030 
Total 30 0.100 
1990 271.2 Adult 15 0.055 
Subadult 13 0.048 
Yearling 0 0.000 
Cub 7 0.026 
Total 19 0.129 
1995 268 Adult 13 0.049 
Subadult 0 0.000 
Yearling 11 0.041 
Cub 6 0.022 
Total 19 0.112 
1\) 
.,!:::... 
0 
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APPENDIX D 
FLOW DIAGRAM INDICATING RELATIONSHIPS OF PROGRAM 
MODULES WITHIN BEAR POPULATION MODEL 
242 
Appendix D. Flow chart of Maine female black bear model. 
Initialization Modules 
c_· __ s_T_1_R_T __ ) 
NO 
2 
SET LENGTH OF SIMULATION 
PERIOD 
3 
SET SIZE OF AREA HOLDING 
POPULATION, MAXIMUM 
ATTAINABLE DENSITY OF 
FEMALE BEARS 
4 
SET LIFE HISTORY 
PARAMETERS 
~ 
BATCH 
RUN? YES 
2 
SET NUMBER OF REPLICATES 
4.1 
REVIEW --ALTER 
NUTRITIONAL IMPACTS 
ON REPRODUCTION 
4.2 
REVIEW--ALTER AMOUNT 
OF REDUCTION IN 
SURVIVAL W/NUTRITIONAL 
PLANE IS LOW 
4.3 
REVIEW--ALTER 
LITTER SURVIVAL 
RATES UNDER DIFF. 
NUTRITIONAL PLANES 
4.4 
REVIEW--ALTER 
ANNUAL FALL FOOD 
SUPPLY LEVELS 
DURING 
SIMULATION PERIOD 
L---------------INITIALIZATION -------
Initialization Modules (continued) 
5.1 
INITIALIZE AGE AND 
SURVIVAL ARRAYS 
INITIALIZE PARAMETER ARRAYS 
6 
5.2 
ALTER AGE AND/OR 
SURVIVAL ARRAYS 
5.3 
INITIALIZE LITTER SIZE 
MATRICES 
5.4 
ALTER LITTER SIZE 
MATRICES 
5.5 
INITIALIZE REPRODUCTIVE 
CLASS ARRAY 
5.6 
ALTER REPRODUCTIVE 
CLASS ARRAY 
5.7 
SPECIFY 
SIZE/COMPOSITION OF 
ANNUAL HARVESTS 
243 
f--------·To SIMULATION-----
SELECT FORM OF OUTPUT 
REQUIRED 
OUTPUTSPECIFICS SUB 
Simulation Modules 
7 
BEGIN ANNUAL LIFEHISTORY 
CYCLE 
(CALCULATE REPRODUCTION 
AND SURVIVAL) 
7.1 
SET EXISTING FOOD 
CONDITIONS (FALL OFYR-1) 
(INFLUENCES CUB 
PRODUCTION IN YEAR 0) 
7.2 
REVIEW--ALTER ANNUAL 
FALL FOOD SUPPLY 
LEVELS DURING 
SIMULATIONPERIOD 
7.3 
DISPLAY STATUS SCREEN 
WHILE SIMULATION IS 
RUNNING 
7.4 
SET REPRODUCTIVE 
CONDITIONS 
SIMULATION CYCLE CONTINUED 
244 
Simulation Modules (continued) 
YES 
7 
ANNUAL LIFE HISTORY CYCLE 
***CONTINUED*** 
7.5A 
LOOP THROUGH 
YEARCLASSES 
YES 
7.7 
PRODUCE CUBS 
NO 
7.8A 
APPLY WINTER 
SURVIVAL RATE 
7.88 
APPLY 
SPRING-SUMMER 
SURVIVAL RATE 
7.58 
LOOP THROUGH 
YEAR CLASSES 
~ 
DEFINED~ 
HARV?/ --.__NO 
~ 
I 
YES 
7.9A 
SUBTRACT HARVEST 
7.98 
APPLY HUNTING 
SURVIVAL RATE 
245 
TO PRODUCTION OF OUTPUT _________________ _ 
Production Modules 
8 
DIRECT FLOW OF OUTPUT 
9 
SAVE ENDING PARAMETER 
VALUES TO FILE 
8.1 
LINE GRAPH OF BEAR 
NUMBERS DURING 
SIMULATION 
8.2 
LINE GRAPH OF 
MORTALITIES DURING 
SIMULATION 
8.3 
LAMBDA VALUES 
THROUGHOUT 
SIMULATION 
8.4 
TABLE OF ANNUAL 
SURV. BY YR-CLASS 
8.5 
APPEND SUMMARY 
STATISTICS OF RUN TO 
LOG FILE 
8.6 
PRINT SUMMARY 
STATISTICS TO 
SCREEN 
10 
END 
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Module 
APPENDIX E 
FUNCTIONS OF PROGRAM 
MODULES WITHIN BEAR POPULATION MODEL 
Function 
247 
MBatch.bas--Accesses data files, initializes arrays, and selects single/batch run. 
Me8r1.bas --Names output data files, continues to initialize population 
parameters, sets population density, area for simulation, sets print specifications, 
environmental stochasticity 
Me8r2a.bas--Sets litter survival, proportion of breeding females producing litters, 
survival reduction with food shortages, annual fall food abundance, 
Me8r2b.bas--Sets year-specific survival, litter size matrices, reproduction class 
matrix, harvest size/composition, specifies output characteristics, 
density-dependent function's starting values 
Me8r3.bas --Directs annual incrementing of bear numbers, controlling cub 
production and survival, and tracks numbers of bears in each yearclass and 
rep'roductive matrix through the simulation period. 
Me8r4.bas --Directs re-initialization of parameter files for multiple replications in 
batch mode, creates output files, graphics displaying population and mortality 
trajectories, and the log of simulation runs. 
Support Modules 
Common.bas--Sets common variables shared between programs 
Redim.bas --Dimensions arrays at beginning of each simulation 
Vardef.bas --Contains variable definitions 
Additional Analysis 
MGraph.bas --Produces line graphs of mortalities; separate trajectories for 
non-hunting and hunting deaths. 
PGraph.bas --Produces line graphs of population trajectories; separate 
trajectories for total population, adults, and cubs. 
DDepend.bas --Creates summary files of long-term equilibrium population size 
under different density dependent thresholds (means and standard deviations) 
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APPENDIX F 
PARAMETER VALUES FOR INITIAL SIMULATION RUN TO PRODUCE 
STABLE AGE DISTRIBUTION FOR SENSITIVITY ANALYSIS 
Table F.1. Initial age structure and survival for sensitivity analysis. 
YrCiass 
.1L Spring-Summer so Hunting Survival so Den Period SD 
0 0 0.58 0.10 1.00 0.00 1.00 0.00 
1 3 0.86 0.07 0.84 0.08 1.00 0.00 
2 85 0.94 0.04 0.65 0.09 0.96 0.03 
3 3 0.94 0.04 0.65 0.09 0.96 0.03 
4 19 1.00 0.00 0.73 0.05 1.00 0.00 
5 10 1.00 0.00 0.73 0.05 1.00 0.00 
6 27 1.00 0.00 0.73 0.05 1.00 0.00 
7 13 1.00 0.00 0.73 0.05 1.00 0.00 
8 20 1.00 0.00 0.73 0.05 1.00 0.00 
9 10 1.00 0.00 0.73 0.05 1.00 0.00 
10 20 1.00 0.00 0.73 0.05 1.00 0.00 
11 8 1.00 0.00 0.73 0.05 1.00 0.00 
12 18 1.00 0.00 0.73 0.05 1.00 0.00 
13 8 1.00 0.00 0.73 0.05 1.00 0.00 
14 17 1.00 0.00 0.73 0.05 1.00 0.00 
15 8 1.00 0.00 0.73 0.05 1.00 0.00 
16 16 1.00 0.00 0.73 0.05 1.00 0.00 
17 7 1.00 0.00 0.73 0.05 1.00 0.00 
18 15 1.00 0.00 0.73 0.05 1.00 0.00 
19 7 1.00 0.00 0.73 0.05 1.00 0.00 
20 13 1.00 0.00 0.73 0.05 1.00 0.00 
21 6 1.00 0.00 0.73 0.05 1.00 0.00 
22 8 1.00 0.00 0.73 0.05 1.00 0.00 
23 6 0.75 0.01 0.73 0.05 1.00 0.00 
24 7 0.50 0.01 0.73 0.05 1.00 0.00 
25 3 0.00 0.00 0.73 0.05 1.00 0.00 
1\) 
.j:::>. 
<0 
Table F.2. Vearclass-specific litter production matrices. 
% % % % 
inexperienced inexperienced inexperienced inexperienced 
YrCiass w/1-cub litter w/2-cub litter w/3-cub litter w/4-cub litter 
0 0.00 0.00 0.00 0.00 
1 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 
4 0.15 0.66 0.17 0.02 
5 0.15 0.66 0.17 0.02 
6 0.15 0.66 0.17 0.02 
7 0.15 0.66 0.17 0.02 
8 0.15 0.66 0.17 0.02 
9 0.15 0.66 0.17 0.02 
10 0.15 0.66 0.17 0.02 
11 0.15 0.66 0.17 0.02 
12 0.15 0.66 0.17 0.02 
13 0.15 0.66 0.17 0.02 
14 0.15 0.66 0.17 0.02 
15 0.15 0.66 0.17 0.02 
16 0.15 0.66 0.17 0.02 
17 0.15 0.66 0.17 0.02 
18 0.15 0.66 0.17 0.02 
19 0.15 0.66 0.17 0.02 
20 0.15 0.66 0.17 0.02 
21 0.15 0.66 0.17 0.02 
22 0.15 0.66 0.17 0.02 
23 0.15 0.66 0.17 0.02 
24 0.15 0.66 0.17 0.02 
25 0.15 0.66 0.17 0.02 
% % 
experienced experienced 
w/1-cub litter w/2-cub litter 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
0.10 0.34 
% 
experienced 
w/3-cub litter 
0.00 
0.00 
0.00 
0.00 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
0.49 
% 
experienced 
w/4-cub litter 
0.00 
0.00 
0.00 
0.00 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
1\) 
01 
0 
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Table F.3. Yearclass vector of initial numbers of females accompanied by 
yearlings, and those that are still pre-productive (not sexually 
mature). 
Number of Female Number of 
Bears with Pre-productive 
Yearclass Yearlings Female Bears 
0 0 0 
1 0 3 
2 0 85 
3 0 3 
4 0 12 
5 0 3 
6 2 0 
7 1 0 
8 2 0 
9 1 0 
10 2 0 
11 0 0 
12 1 0 
13 0 0 
14 1 0 
15 0 0 
16 1 0 
17 0 0 
18 1 0 
19 0 0 
20 0 0 
21 0 0 
22 0 0 
23 0 0 
24 0 0 
25 0 0 
252 
Table F.4. Yearclass-specific harvest data file. 
Total Annual 
Harvest Crippling Rate 
50 0.10 
Percent of Harvest 
YearCiass in Ageclass so 
0 0.07 0.01 
1 0.16 0.01 
2 0.14 0.01 
3 0.13 0.01 
4 0.11 0.01 
5 0.09 0.01 
6 0.07 0.01 
7 0.06 0.01 
8 0.04 0.01 
9 0.04 0.01 
10 0.02 0.01 
11 0.01 0.01 
12 0.00 0.00 
13 0.00 0.00 
14 0.00 0.00 
15 0.00 0.00 
16 0.00 0.00 
17 0.00 0.00 
18 0.00 0.00 
19 0.00 0.00 
20 0.00 0.00 
21 0.00 0.00 
22 0.00 0.00 
23 0.00 0.00 
24 0.00 0.00 
25 0.00 0.00 
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Table H.1. Initial age distribution and survival from stable aged population used for sensitivity analysis. 
Spring-Summer Hunting Den Period 
YrCiass n Survival so Survival so Survival so 
0 0 0.58 0.100 1.00 0.00 1.00 0.000 
1 65 0.86 0.074 1.00 0.00 1.00 0.000 
2 41 0.94 0.044 1.00 0.00 0.96 0.035 
3 29 0.94 0.044 1.00 0.00 0.96 0.035 
4 19 1.00 0.000 1.00 0.00 1.00 0.000 
5 18 1.00 0.000 1.00 0.00 1.00 0.000 
6 16 1.00 0.000 1.00 0.00 1.00 0.000 
7 16 1.00 0.000 1.00 0.00 1.00 0.000 
8 14 1.00 0.000 1..00 0.00 1.00 0.000 
9 15 1.00 0.000 1.00 0.00 1.00 0.000 
10 12 1.00 0.000 1.00 0.00 1.00 0.000 
11 11 1.00 0.000 1.00 0.00 1.00 0.000 
12 11 1.00 0.000 1.00 0.00 1.00 0.000 
13 11 1.00 0.000 1.00 0.00 1.00 0.000 
14 9 1.00 0.000 1.00 0.00 1.00 0.000 
15 9 1.00 0.000 1.00 0.00 1.00 0.000 
16 9 1.00 0.000 1.00 0.00 1.00 0.000 
17 8 1.00 0.000 1.00 0.00 1.00 0.000 
18 7 1.00 0.000 1.00 0.00 1.00 0.000 
19 7 1.00 0.000 1.00 0.00 1.00 0.000 
20 6 1.00 0.000 1.00 0.00 1.00 0.000 
21 6 1.00 0.000 1.00 0.00 1.00 0.000 
22 5 1.00 0.000 1.00 0.00 1.00 0.000 
23 5 0.75 0.010 1.00 0.00 1.00 0.000 
24 4 0.50 0.010 1.00 0.00 1.00 0.000 
25 2 0.00 0.000 1.00 0.00 1.00 0.000 
1\) 
01 
.j::>. 
Table H.2. Yearclass-specific litter production matrices used as baseline for sensitivity analysis. 
% % % % % % % % 
inexperienced inexperienced inexperienced inexperienced experienced experienced experienced experienced 
YrCiass w/1-cub litter w/2-cub litter w/3-cub litter w/4-cub litter w/1-cub litter w/2-cub litter w/3-cub litter w/4-cub litter 
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
5 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
6 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
7 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
8 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
9 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
10 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
11 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
12 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
13 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
14 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
15 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
16 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
17 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
18 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
19 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
20 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
21 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
22 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
23 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
24 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
25 0.15 0.66 0.17 0.02 0.10 0.34 0.49 0.07 
1\) 
(Jl 
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Table H.3. Stable-aged yearclass vector of initial numbers of females 
accompanied by yearlings, and those that are still 
pre-productive (not sexually mature), for sensitivity analysis. 
Yearclass With Yearlings Pre-productive 
0 0 0 
0 65 3 
0 41 85 
0 29 3 
0 19 12 
4 11 3 
7 2 0 
6 0 0 
6 0 0 
6 0 0 
5 0 0 
5 0 0 
4 0 0 
4 0 0 
4 0 0 
4 0 0 
4 0 0 
3 0 0 
3 0 0 
3 0 0 
3 0 0 
3 0 0 
2 0 0 
2 0 0 
0 0 0 
0 0 0 
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APPENDIX H 
AGE DISTRIBUTIONS OF SIMULATED BEAR POPULATIONS, HARVESTS, 
AND NONHUNTING MORTALITY 
Table 1.1. Initial age distribution, age distributions under 3 .levels of harvest in year 4, and harvest and 
nonhunting mortality age distributions, of simulated female black bear populations with high 
litter production (82% of breeding females producing offspring). Age distributions represent 
mean of 1 00 repetitions. 
Po11ulatlon Harvest Nonhuntlng Mortall!x 
Age Age Age Harvest Age Harvest Age Harvest Age NonHuntlng NonHunting NonHuntlng 
Distribution, Distribution, Distribution, Distribution, Distribution, Distribution, Mortality Age Mortality Age Mortality Age 
Initial Age Year4, 5% Year4, 15% Year4, 25% Year4,5% Year4, 15% Year4,25% Distribution, Yr Distribution, Yr Distribution, Yr 
Distribution, Harvest Harvest Harvest Harvest Harvest Harvest 4, 5% Harvest 4, 15% Harvest 4, 25% Harvest 
Year Class ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
0 123 147 105 65 0 0 0 51 37 22 
1 65 87 66 47 7 9 11 7 5 4 
2 41 68 51 36 7 8 9 
3 29 58 46 32 6 7 8 1 1 1 
4 19 50 39 28 3 6 7 1 1 0 
5 18 37 27 16 2 4 4 1 0 0 
6 16 26 18 12 2 3 3 1 0 0 
7 16 18 13 8 1 2 2 0 0 0 
8 14 13 8 5 1 1 1 0 0 0 
9 15 12 8 6 1 1 2 0 0 0 
10 12 11 7 4 1 1 1 0 0 0 
11 11 11 7 4 1 1 1 0 0 0 
12 11 10 6 4 1 1 1 0 0 0 
13 11 10 6 4 1 1 1 0 0 0 
14 9 7 6 3 0 1 1 0 0 0 
15 9 7 5 4 0 1 1 0 0 0 
16 9 7 5 3 0 1 1 0 0 0 
17 8 7 5 3 0 1 1 0 0 0 
18 7 5 4 3 0 1 1 0 0 0 
19 7 6 3. 3 0 0 1 0 0 0 
20 6 6 4 3 0 1 1 0 0 0 
21 6 5 3 3 0 0 1 0 0 0 
22 5 4 4 1 0 1 0 0 0 0 
23 5 4 3 1 0 0 0 1 1 0 
24 4 2 2 1 0 0 0 
25 2 2 1 1 0 0 0 2 1 
Sum: 478 620 452 300 37 51 57 76 55 34 
Mean 
Age: 5.83 4.67 4.55 4.47 2.95 6.02 6.05 
1\) 
(J1 
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Table 1.2. Initial age distribution, age distributions under 4 levels of harvest in year 4, and harvest and 
nonhunting mortality age distributions, of simulated female black bear populations with moderate 
litter production (64% of breeding females producing offspring). Age distributions represent mean of 
1 00 repetitions. 
Year Class 
0 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Sum: 
Mean 
Age: 
Initial Age 
Distribution, 
~ 
89 
65 
41 
29 
19 
18 
16 
16 
14 
15 
12 
11 
11 
11 
9 
9 
9 
8 
7 
7 
6 
6 
5 
5 
4 
2 
0 
6.28 
Age 
Distribution, 
Year4, 5% 
Harvest 
M.2!:!l!!.!.!Y 
115 
70 
54 
48 
37 
38 
26 
19 
13 
12 
11 
11 
9 
10 
8 
7 
8 
8 
5 
6 
6 
5 
4 
4 
3 
538 
5.24 
PJlDUiatl_Q_n 
Age 
Distribution, 
Year4, 10% 
Harvest 
M2r!l!!l!Y 
101 
62 
49 
43 
34 
32 
22 
16 
10 
11 
9 
10 
8 
8 
7 
7 
7 
7 
5 
5 
6 
4 
4 
4 
3 
475 
5.28 
Age 
Distribution, 
Year4, 15% 
Harvest 
M2r!l!!l!Y 
79 
52 
40 
40 
30 
28 
18 
13 
9 
8 
7 
7 
6 
7 
5 
5 
5 
5 
4 
5 
5 
4 
3 
3 
2 
1 
391 
5.20 
Age 
Distribution, 
Year4, 25% 
Harvest 
M2r!l!!l!Y 
49 
37 
29 
24 
20 
17 
11 
7 
5 
5 
5 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
2 
2 
252 
5.16 
Harvest Age 
Distribution, 
Year4, 5% 
Harvest 
Mortality 
0 
5 
5 
5 
2 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
32 
6.13 
Harvest 
Harvest Age 
Distribution, 
Year4,10% 
Harvest 
.M.2r!J!!!!y 
0 
7 
6 
5 
4 
3 
2 
2 
0 
1 
0 
0 
0 
0 
0 
41 
6.20 
Harvest Age 
Distribution, 
Year4,15% 
Harvest 
Mortality 
0 
8 
6 
6 
4 
4 
2 
2 
2 
0 
0 
0 
0 
47 
6.62 
Harvest Age 
Distribution, 
Year4,25% 
Harvest 
.M.2r!J!!!!y 
0 
8 
7 
5 
4 
4 
3 
2 
0 
0 
0 
48 
3.60 
N_onhuntlno Mortality 
NonHuntlng NonHuntlng NonHuntlng NonHunting 
Mortality Age Mortality Age Mortality Age Mortality Age 
Distribution, Yr Distribution, Yr Distribution, Yr Distribution, Yr 
4, 5% Harvest 4, 10% Harvest 4, 15% Harvest 4, 25% Harvest 
M2r!l!!l!Y .M.2r!J!!!!y M2r!l!!l!Y Mortality 
40 
6 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
54 
35 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
48 
28 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
39 
17 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
23 
1\) 
CJ1 
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Table 1.3. Initial age distribution, age distributions under 4 levels in year 4, and harvest and nonhunting 
mortality age distributions, of simulated female black bear populations with alternating litter 
production (82 - 15% of breeding females producing offspring). Age distributions represent mean 
of 1 00 repetitions. 
Year 
~ 
0 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Initial Age 
Distribution, 
~ 
123 
65 
41 
29 
19 
18 
16 
16 
14 
15 
12 
11 
11 
11 
9 
9 
16 9 
17 8 
18 7 
19 7 
20 6 
21 6 
22 5 
23 5 
24 4 
25 2 
Sum: 478 
Mean 
Age: 5.83 
Age 
Distribution, 
Year4,5% 
Harvest 
~
220 
15 
97 
14 
50 
38 
27 
18 
13 
12 
11 
11 
9 
10 
8 
7 
7 
8 
6 
7 
6 
5 
4 
4 
3 
2 
612 
4.65 
Population 
Age 
Distribution, 
Year4,10% 
Harvest 
~
192 
9 
89 
8 
44 
33 
22 
16 
11 
10 
9 
9 
8 
9 
7 
6 
7 
7 
5 
5 
6 
5 
4 
4 
3 
529 
4.69 
Age 
Distribution, 
Year4,15% 
Harvest 
~
154 
8 
75 
8 
40 
27 
18 
13 
8 
8 
7 
7 
7 
7 
6 
5 
5 
5 
5 
4 
5 
4 
4 
3 
2 
436 
4.67 
Age 
Distribution, 
Year4,25% 
Harvest 
~ 
97 
5 
53 
6 
29 
16 
11 
8 
5 
5 
4 
4 
4 
4 
4 
4 
3 
4 
3 
3 
3 
3 
3 
2 
285 
4.72 
Harvest Age 
Distribution, 
Year4,5% 
Harvest 
~
0 
5 
5 
5 
2 
2 
2 
0 
0 
1 
0 
0 
0 
0 
0 
0 
32 
6.13 
Harvest 
Harvest Age 
Distribution, 
Year4,10% 
Harvest 
~
0 
11 
4 
3 
2 
2 
0 
0 
0 
0 
38 
7.53 
Harvest Age 
Distribution, 
Year4,15% 
Harvest 
~
0 
1 
12 
6 
4 
3 
2 
1 
0 
0 
0 
44 
7.48 
Harvest Age 
Distribution, 
Year4,25% 
Harvest 
~
0 
13 
2 
7 
4 
3 
2 
0 
0 
0 
47 
4.47 
Nonhuntlng Mortality 
NonHuntlng NonHuntlng NonHuntlng NonHuntlng 
Mortality Age Mortality Age Mortality Age Mortality Age 
Distribution, Yr Distribution, Yr Distribution, Yr Distribution, Yr 
4, 5% Harvest 4, 10% Harvest 4, 15% Harvest 4, 25% Harvest 
~ ~ .M.2!:!m.!!x .M.2!:!m.!!x 
77 
2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
2 
88 
68 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
77 
53 
1 
2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
60 
34 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
38 
1\) 
0> 
0 
Table 1.4. Initial age distribution, age distributions under 3 -levels of harvest in year 4, and harvest and 
nonhunting mortality age distributions, of simulated female black bear populations with low litter 
production (15% of breeding females producing offspring). Age distributions represent mean of 1 00 
repetitions. 
Poeulation Harvest Nonhunt Mortal~~ 
Harvest Age Harvest Age 
Initial Age Age Distribution, Age Distribution, Age Distribution, Harvest Age Distribution, Year 4, Distribution, Year 4, NonHunting Mortality Age NonHunting Mortality Age NonHunting Mortality 
Distribution, Yl!ar Year4,2% Year4, 15% Harvest Year4, 25% Distribution, Year 4, 15% Harvest 25% Harvest Distribution, Yr 4, 5% Distribution, Yr4, 15% Age Distribution, Yr 4, 
Year Class Q Harvest Mortalftv Mortality Harvest~ 5% Harvest Mortal~ Mortality Mortality Harvest Mortality Harvest~ 25% Harvest Mortality 
0 21 36 24 11 0 0 0 12 9 4 
65 20 16 8 1 2 2 2 
2 41 16 11 7 1 2 2 0 0 0 
3 29 14 12 6 1 2 2 0 0 0 
4 19 8 7 4 0 1 1 0 0 0 
5 18 41 26 13 2 4 4 1 0 0 
6 16 27 17 9 1 3 3 0 0 0 
7 16 20 13 6 1 2 2 0 0 0 
8 14 14 8 4 1 1 1 0 0 0 
9 15 13 8 4 1 1 1 0 0 0 
10 12 12 7 3 1 1 1 0 0 0 
11 11 11 7 3 0 1 1 0 0 0 
12 11 11 7 3 1 1 1 0 0 0 
13 11 10 6 3 0 1 1 0 0 0 
14 9 8 6 3 0 1 1 0 0 0 
15 9 8 5 2 0 1 1 0 0 0 
16 9 7 5 3 0 1 1 0 0 0 
17 8 7 5 3 0 1 1 0 0 0 
18 7 6 5 3 0 1 1 0 0 0 
19 7 6 4 3 0 1 1 0 0 0 
20 6 6 5 2 0 1 1 0 0 0 
21 6 5 4 2 0 1 1 0 0 0 
22 5 5 3 1 0 0 0 0 0 0 
23 5 5 3 1 0 0 0 1 1 0 
24 4 4 2 1 0 0 0 2 
25 2 2 1 1 0 0 0 2 
Sum: 376 322 217 109 11 30 30 20 13 7 
Mean 
AQe: 7.41 8.22 8.07 8.08 6.18 9.03 9.03 
1\) 
0> 
..... 
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